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PROCEEDINGS 


OF THE 


GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1923-24. 


November 7th, 1928. 


Prot. A. C. Skwarp, Se.D., F.R.S., President, 
in the Chair. 


The Names of certain Fellows of the Society were read out for 
the second time, in conformity with the Bye-Laws, Sect. VI, 
Art. 5, in consequence of the non-payment of the arrears of their 
Annual Contributions. 


The List of Donations to the Library was read. 


The PrestpENr announced the donation, by the executors of 
the late Prof. W. Crawford Williamson, of two armchairs, formerly 
the property of Wrnittam Suiryu (1769-1839), and bequeathed 
by him to John Williamson, of Scarborough. 


The following communications were read ;— 


1. ‘On the Skeleton of Zgwanodon atherfieldensis sp. nov., from 
the Wealden Shales of Atherfield (Isle of Wight).’ By the late 
Reginald Walter Hooley, F.G.S. (Read by Dr. A. Smith Wood- 
ward, F.R.S., F.L.S., F.G.S.) 

2. ‘The Igneous Rocks of the Tortworth Inlier.’ By Prof. 
Sidney Hugh Reynolds, M.A., Se.D., F.G.S. 

Parts of the skeleton of Igwanodon atherfieldensis were ex- 
hibited by permission of Mrs. Hooley, in illustration of the paper 
by the late R. W. Hooley ; and specimens of igneous rocks from 
the Tortworth Inlier were exhibited by Prof. 8. H. Reynolds in 
illustration of his paper. 
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November 21st, 1923. 


Prof. A. C. Sewarp, Se.D., F.R.S., President, 
in the Chair. 


John Alexander Dunn, B.Sc., Assistant Superintendent of the 
Geological Survey of India, Calcutta (India); John Reginald 
Fox, M.Inst.C.E., Jordan Hill, Barnsley ; Cecil Evelyn Keep, 
B.Se., care of the Attock Oil Company, Ltd., Khaur, Pindigheb, 
Punjab (India) ; George Martin Lees, 1 Victoria Road, Rathgar, 
Dublin; George Gregory Lewis, 23 Steventon RoadevVeaiZe 
George Keith Talbot, Stonecroft, Peppard Road, Caversham 
(Oxfordshire) ; and Herbert Cubitt Gostling Vincent, B.A., 54 
Owlstone Road, Cambridge, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communication was read :— 


‘The Development of the Severn Valley in the Neighbourhood 
of Iron-Bridge and Bridgnorth.” By Leonard Johnston Wills, 
M.A., Ph.D., F.G.S.; with a Section on the Upper Worfe Valley, 
in collaboration with Ernest Edward Leslie Dixon, B.Sc., F.G.S. 


December 5th, 1923. 


Prof. A. C. Sewarp, Sc.D., F.R.S., President ; and, afterwards, 
Dr. G. T. Prror, F.R.S., F.G.S., in the Chair. 


Ajit Kumar Banerji, B.A., A.R.C.S., Geological Survey of India, 
106/4 Amherst Street, Calcutta (India); Robert Barnard, 1 Wood 
Street, Caleutta (India); William Frederick Canning, Bishop 
Feild College, St. John’s (Newfoundland); Donald John Far- 
quharson, M.Sc.,¢/o W. R. French, La Chaumiére, Oberland Road, 
St. Martin’s (Guernsey); William Frederick Fleet, M.Se., A.I.C., 
73 Woodlands Park Road, King’s Norton, Birmingham ; Leslie 
Issott Grange, M.Sc., Geological Survey of New Zealand, 38 The 
Terrace, Wellington (New Zealand); Arthur Hardcastle, En- 
gineer’s Office, Newcastle & Gateshead Water Company, Newcastle- 
upon-Tyne ; David Glyn John, M.A., Lynwood, Gowerton, 
Swansea; Stanley Holmes, M.Se., Elm Cottage, Killingworth 
Station (Northumberland) ; August Perl, B.Se., 5 Sharon Road, 
Chiswick, W.4; Charles Archibald Philip Southwell, B.Se., Port 
of Spain, Trinidad (British West Indies); Philip Guy Stevens, 
34 Windsor Terrace, Uplands, Swansea; and Leonard George 


Wilkins, B.Se., Orchard House, Harbury, were elected Fellows of 
the Society. 
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The List of Donations to the Library was read. 
Dr. F. A. Baruer exhibited, on behalf of Mr. A. S. Hirst, 


IAS. specimens, microscope-slides, and lantern-slides of Arach- 
; : 5; : ; ; : 
nid Remains from the Rhynie Chert, and described their 

structure and aflinities. 


The following communications were read :— 


1. ‘The Geology of the Northern Border of Dartmoor, between 
Whiddon Down and Butterdon Down.’ By Charles William 
Osman, M.Inst.C.E., F.G.S. 


2. ‘The Geology of Southern Guernsey.’ By Donald John 
Farquharson, M.Se., F.G.S, 

Rock-specimens and microscope-sections were exhibited by 
Mr. C. W. Osman, and microscope-sections were exhibited by 
Mr. D. J. Farquharson, in illustration of their respective papers. 


December 19th, 1923. 


Prof. A. C. Sewarp, Se.D., F.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 


The Prestmpen’ announced that the Council had voted a resolu- 
tion of deep sympathy with the relatives of the late Prof. T. G. 
Bonney, Se.D., F.R.S. (Secretary in 1878-84, President in 1884— 
86), who had been a Fellow of the Society since the year 1860. 

The announcement was received by the Fellows present standing. 


Prof. Wittiam Jounson Soxras, Se.D., F.R.S., F.G.S., gave a 
Demonstration of the Method of Investigating Fossils 
by Serial Sections, illustrated by specimens, photographs, and 
lantern-slides. 


Mr. Joun Watron, M.A., gave a short lecture on the Investi- 
gation of the Nature of Fossil Plants, illustrated by 
lantern-slides and microscopic preparations. 


‘Prof. Herpert Leaver Hawkins, D.Sc., F.G.S., exhibited and 
commented upon Anatomical Preparations of Fossil 


Echinoids. 
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January 9th, 1924. 


Prof. A. C. SewarD, Sc.D., F.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 


The following Fellows, nominated by the Council, were elected 
Auditors of the Society’s Accounts for the preceding year :— 
Freperick Norr Asucrorr, M.A., and Horace Woonnaston 
Moncxton, Treas. L.S. 


The following communications were read :— 


‘The Geologie: al Structure of the Clevedon—Portishead Area 
Cae By Prof. Sidney Hugh Reynolds, M.A., Sc.D., 
F.G.S8., and Edward Greenly, D. ‘Se., F. G.S. 


2. «The Avonian of the Tytherington—Tortworth—Wickwar 
Ridge (Gloucestershire).’ By Frederick Stretton Wallis, Ph.D., 
E.G.S. 


3. ‘The Avonian of the Western Mendips, from the Cheddar- 
Valley Railway to the Sea, West of Brean Down.’ By Miss Agnes 
Plizabeth Bamber, M.Sc. (Communicated by Prof. S. H. Reynolds, 
M.A., Se.D., EGS.) 


January 23rd, 1924. 


Prof. A. C. S—warp, Se.D., F.R.S., President, 
in the Chair. 


George Florance, Baron Boston, Hedsor Wharf, Bourne End 
(Buckinghamshire) ; Oliver Meredith Boone Bulman, B.Sc., 
Assoe.R.C.Se., 51 Oakhill Road, Putney, 8.W.15; Major L. 
Merson Davies, R.A., Kohat (N.-W.F-.P.), India ; Eileen Mary ~ 
Guppy, B.Se., 8 Highfield Road, Northwood (Middlesex) ; Henry 
Arthur Hayward, 7] Little Woodcote Lane, Purley (Surrey) ; 
Deryk Livingston Herbage, B.A., B.Sc., 23 Lambolle Road, Hamp- 
stead, N.W. 2). Hugh Stamford Rafiles ‘Lindeman, Belton Rectory, 
Great Yarmouth ; Michael Henry Mason, Ey nsham Hall, Witney 
(Oxfordshire) ; James Phemister, M.A., BSc., H.M.Geological 
Survey, 83 George Square, Edinburgh; Cyril James Stubblefield, 
B.Sc., Demonstrator of Geology in the Imperial College of 
Science & Technology, South Kensington, 8.W.7; William 
Munro Tapp, LL.D., F.S.A., Queen Anne’s Mansions, St. James’s 
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Park, 8.W.1; Martin Lewis Thomas, B.Se., Assoc.M.Inst.C.E., 
42 Maison Dieu Road, Dover; William George Cheslyn Tomalin, 
A.R.S.M., B.Se., Waynfleet, Ross (Herefordshire) ; Joseph Pierre 
de Verteuil, c/o the Anglo-Persian Oil Company, Ltd., Britannic 
House, Great Winchester Street, E.C.2; and Edwin Williams, 
B.Se., The Risea Printing Works, Risca (Monmouthshire), were 
elected Fellows of the Society. 


The following communications were read :— 


1. ‘Ona Hybodont Shark (TZristychius) from the Calciferous 
Sandstone Series of Eskdale (Dumfries-shire).’ By Arthur Smith 
Woodward, LL.D., F.R.S., F.L.8., F.G.S8. 


2. ‘On a Recently Discovered Breccia-Bed underlying Nechells 
(Birmingham), and its Relations to the Red Rocks of the District.’ 
By Prof. William 8. Boulton, D.Sc., F.G.S. 


February 6th, 1924. 


Prof. A. C. Szwarp, Sc.D., F.R.S., President, 
in the Chair 


Frank Smithson, B.Sec., 24 Milton Street, Darlington; and 
David Mowat Watson, B.Sc., 46 Featherstone Road, King’s Heath, 
Birmingham, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communication was read :— 


‘The Upper Towy Drainage-System.’ By Prof. Owen Thomas 
Jones, M.A., D.Sc., F.G.S. 


ANNUAL CENELRAL VEEDIN G. 


February 15th, 1924. 


Prof, ALBERT CHARLES SEWARD, Sc.D., F.B.S., 
President, in the Chair. 


Report oF THE COUNCIL ror 1923. 


During the year 43 new Fellows were elected into the Society 
(41 less than in 1922), and two Fellows were re-instated; of the 
Fellows elected in 1928, 33 paid their Admission Fees before the 
end of that year, and, of the Fellows who had been elected in the 
previous year 16 paid their Admission Fees in 1923, making the 
total accession of new Fellows during the past year amount to 49 
(28 less than in 1922). 

Allowing for the loss of 54 Fellows (14 resigned, 30 deceased, 
and 10 removed), it will be seen that there is a decrease of 3 in 
the number of Fellows (as compared with an increase of 36 in 
1922). 

‘hie total number of Fellows is, therefore, at present 1276, 
made up as follows:—Compounders 188 (7 less than in 1922) ; 
Contributing Fellows 1079 (4 more than in 1922); and Non- 
Contributing Fellows 9 (the same as in 1922). 

With regard to the Lists of Foreign Members and Foreign Cor- 
respondents, it will be remembered that, at the end of 1922, there 
were 6 vacancies in the List of Foreign Members and 14 in that 
of Foreign Correspondents. ‘These have been, for the greater part, 
filled by the election of 4 Foreign Members and 14 Foreign 
Correspondents. The Council regrets to have to announce the 
recent decease of Prof. Fusakichi Omori, Foreign Correspondent. 
Consequently, there remain 2 vacancies in the List of Foreign 
Members, and 5 in that of Foreign Correspondents. 

The Ordinary Receipts of the year, including the Balance in 
hand and interest on the Sorby and Hudleston Bequests, amounted 
to £4248 16s. 3d., and the Expenditure to £4602 17s. 10d., show- 
ing a deficit of £354 1s. 7d. The Expenditure included £638 
16s. 2d. for printing the Lists of Geological Literature for 1914 
and for 1915-19, and this was in part met by a grant of £100 from 
the Royal Society. A further sum of £190 8s. 8d. was defrayed 
from the Voluntary Publication Fund, to be mentioned later, this 
being the excess spent on the Quarterly Journal over the £1000 
included in the Estimates for the year. The actual deficit on the 
Accounts was, therefore, £63 12s. 11d. The Estimates for 1924, 
after: providing for the deficit, show a small balance; but, as the 
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Council has decided to devote the balance of the proceeds of the 
Prestwich and Barlow-Jameson Funds to Publications, the sum of 
£106 1s. 9d. will be available for that purpose, besides such sums 
as may be applied to additional expenditure on the Quarterly 
Journal out of the Voluntary Publication Fund. ; f 

The increased expense of producing the Quarterly Journal, 
consequent on the rise of prices after the War, create a serious 
situation. The money in hand was insufficient to meet the 
demand, and arrears accumulated. It was decided in April 1923 
to appeal to the Fellows for Contributions to a Voluntary Publi- 
cation Fund. The amount at present available is £229 17s. 10d., 
and a further £170 2s. Od. received or promised during 1924. 

It is hoped that further Contributions will be received, and that 
a permanent Voluntary Publication Fund will be maintained. The 
policy, which commends itself to the Council, in relation to the 
Fund, may be briefly stated. The Fund should, in future, be 
treated as a separate Fund, and not included in the Balance-Sheet 
of the Society. It should be allocated solely to the publication 
of the Journal, grants being found from it to meet publication 
expenses in excess of the amount available from ordinary sources ; 
in special cases, it should be utilized for the provision of coloured 
maps, or in other ways likely to enhance the value and efficiency 
of the Society’s Journal. 

Vol. LXXIX of the Quarterly Journal, for 1923, was com- 
pleted by the publication of the fourth part on December 29th of 
that vear. The volume contained 23 papers, published at a cost 
of £1190 8s. 8d. ‘There now remain outstanding thirteen papers 
(seven belonging to previous Sessions, and six to the present 
Session). The probable total cost of publication of these alone will 
amount to about £950. The notable increase in the number of 
papers published was made possible by the generous support given 
by the Fellows to the Voluntary Publication Fund. 

The Publication Committee has drawn up a series of ‘ Instruc- 
tions to Authors of Papers intended for Publication in the Society’s 
Journal’, which have been approved by the Council, and copies 
will be issued, on application, to prospective authors. 

This Society’s Apartments have been used for General Meetings, 
and for Council or Committee Meetings during the past year by 
the Institution of Mining Engineers, the Institution of Mining & 
Metallurgy, the Institution of Water Engineers, the Society of 
Engineers, the Mineralogical Society, the Paleeontographical Society, 
the Persia Society, the Ray Society, the Geologists’ Association, 
and the South-Eastern Union of Scientific Societies. 

Mr. W. Whitaker was nominated as Delegate to the Hull Con- 
gress of the Royal Sanitary Institute; Mr. W. Campbell Smith as 
Delegate to the Conference of Corresponding Societies at the 
British Association Meeting in Liverpool; Prof. Sir T. W. Edge- 
worth David as Delegate at the Meeting of the Pan-Pacific Science 
Congress held in Australia in August last; Mr. R. R. Lempriére as 
Delegate at the Jubilee Celebration of the Société Jersiaise ; and 
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Prof. W. B. Scott as Delegate at the Joseph Leidy Commemo- 
rative Meeting arranged by the Academy of Natural Sciences of 
Philadelphia. 

The Council has had in view the fact that the many new roads 
now being planned may expose sections of great eeological interest, 
and has asked the Ministry of Transport and all “County Surveyors 
to arrange to report when such sections are exposed, so that local 
geologists may i informed. The Ministry of Transport has 
offered to supply the information for the ar terial roads of Greater 
London, and the Geologists’ Association has volunteered to arrange 
for these roads to be watched. The Council hopes that Fellows 
throughout the country will assist this scheme as much as possible, 
by keeping a watch on any important cuttings in their districts. 

Two chairs, formerly the property of William Smith, were pre- 
sented by Mr. R. W. Williamson, on his behalf and on that of 
the other children of the late Prof. W. Crawford Williamson. 

A geological hammer, chisel, and map-case, formerly belonging 
to George Bellas Greenough, first President and one of the F ounders 
of the Society, t together with a series of letters and papers referring 
to the Society, were presented by Miss P. de B. F. Bowen- 
Coulthurst. 

A change in the composition of the Permanent Staff has taken 
place, in consequence of the resignation of the Clerk, Mr. M. 
St. John Hope, in April last. The supervision of the Clerk’s 
duties has been taken over by the Librarian, and Miss G. V. Bridg- 
man has been appointed to assist him. 

A grant of £25 has been sanctioned by the Council, from the 
Gloyne Outdoor Geological Research Fund, for the purpose of 
earrying out an investigation of the bone-caves of the Gower 
Peninsula, and Prof. W. J. Sollas has been nominated as super- 
visor of the work on behalf of the Council. 

The proceeds of the Daniel-Pidgeon Fund for 1923 have been 
awarded to Mr. Howel Williams, of Liverpool University, who 
proposes to carry out researches on the Stratigraphy and Vulean- 
icity of Snowdon. 

Further, the following Awards of Medals and Funds have 
been made :-— 

The Wollaston Medal is awarded to Dr. Arthur Smith Wood- 
ward, in recognition of his researches ‘concerning the mineral 
structure of the Earth’, especially in connexion with the Pale- 
ontology of the Vertebrata. 

The Murchison Medal, together with a sum of Ten Guineas 
from the Murchison Geological Fund, is awarded to Dr. Walcot 
Gibson, as an acknowledgment of the value of his researches on 
the younger Palzeozoic rocks of Great Britain, more especially of 
the Coal Measures of the Midland and South Wales coalfields. 

The Lyell Medal, together with a sum of Twenty-five Pounds 
from the Lyell Geological Fund, is awarded to Mr. William 
Wickham King, in recognition of his researches on the Paleozoic 
rocks of Britain, more particularly those connected with the 


part 1] ANNUAL REPORT. 1X 


Devonian and Silurian, and on the Breceias in the Red Rocks of 
the Midlands. 

The Balance of the Proceeds of the Wollaston Donation Fund 
is awarded to Dr. Cecil Edgar Tilley, in recognition of the value 
of his researches in Petrology, both in Great Britain and in South 
Australia. 

The Balance of the Proceeds of the Murchison Geological 
Fund is awarded to Dr. Leonard Frank Spath, in recognition of 
the value of his researches on the Ammonoidea. 

A Moiety of the Balance of the Lyell Geological Fund is 
awarded to Mr. John William Tutcher, in recognition of the value 
of his researches on the Jurassic rocks of the Bristol area, and 
of the contribution to the illustration of Paleontological Literature 
which his photographic skill has enabled him to make. 

A second Moiety of the Balance of the Lyell Geological Fund 
is awarded to Mr. Hugh Hamshaw Thomas, in recognition of the 
value of his researches in Paleeobotany. 

The proceeds of the Prestwich and Barlow-Jameson Funds have 
been allocated by the Council to meet part of the Expenditure on 
the Society’s publications. 


REPORT OF THE LIBRARY COMMITTEE FOR 1923, 


During the year 1923 the Accessions to the Library equalled, 
both in number and importance, those of the preceding years. 
They approach, indeed, the additions registered in the years before 
the War. _ 

The Donations received during the vear number 52 volumes 
of separately published works, 811 pamphlets, and 6 detached 
parts of works; also 131 complete volumes and 3885 parts of 
serial publications; 262 volumes and 828 parts of the publications 
of Geological Surveys and other public bodies, and 12 volumes 
of weekly periodicals. The number of accessions by donation 
amounts, therefore, to 457 volumes, 719 detached parts, and 811 
pamphlets. The Donors during 1923 included 126 Government 
Departments and other public bodies, 145 Societies and Editors 
of periodicals, and 110 individual Donors. 1 

Two acquisitions, in particular, are worthy of especial mention. 
A number of original geological and other drawings by Dr. John 
MacCulloch, President of the Society from 1816 to 1818, together 
with several books from his library, were presented by Miss Emily 
Hstridge. A collection of pamphlets, principally dealing with the 
Geology of the Hast of England, from the library of the late 
Mr. F. W. Harmer, was presented by Sir Sidney F. Harmer. 

A number of new serials were received in exchange for the 
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publications of this Society, and among them the following may 
be mentioned :— 

‘Pan-American Geologist’ (successor to ‘The American Geologist’) ; 
Geological Survey of China—Bulletin, Memoirs, Paleontologia Sinica, and 
Special Reports; Bulletin of the Geological Society of China; and the 
Imperial Institute Monographs on Mineral Resources, with special reference 
to the British Empire. 

Further, 101 sheets of geological maps were received, in- 
cluding 38 sheets from the Geological Survey of Scotland, and 10 
and 5 respectively from the Geological Surveys of England and 
Treland. 

The more important of these Donations, both of the books 
and the maps, have already been enumerated in the Abstracts of 
Proceedings. 

The purchases during 1923 include 80 volumes and 33. de- 
tached parts of works published separately, 52 volumes and 36 
parts of serials, and 4 sheets of maps. Attention may be drawn 
to the following :— 

‘The Evolution of Climate’, by C. H. P. Brooks; ‘Cements & Artificial 
Stone’, by J. Watson; ‘Climatic Changes’, by E. Huntington & S&S. S. 
Visher; ‘ Grundziige einer Physioklimatologie der Festlinder’, by W. R. 
Eekardt; ‘Die Fossilisation’, by W. Deecke ; ‘Geologie von Mexiko’, by 
W. Freudenberg; ‘ Handbuch der Paleogeographie’, by T. Arldt; ‘ Beitriige 
zur Geologie Westturkestans’, by R. von Klebelsberg ; ‘The Ore-Magmas ’, 
by J. E. Spurr; ‘ Das Batholithenproblem’, by H. Cloos ; ‘ The Fundamental 
Principles of Petrology’, by E. Weinschenk (translated by A. Johannsen) ; 


and ‘Handbuch der Regionalen Geologie—Greenland, Asia Minor, Egypt, 
North-Atlantic Polar Islands, & Caucasus ’. 


During the year 206 volumes were bound. This figure shows a 
considerable increase over those of recent years; but binding costs 
are still high, and much urgent work under this head is necessarily 
postponed. 

The number of books borrowed from the Library was 1199, of 
which 713 were borrowed personally, and 486 were sent through 
the post. 

During the year under review the List of Geological Literature 
for 1915-1919 was published with Author- and Subject-Indexes, 
and the List for 1922 with Author-Index only. The manuscript 
of the List for 1923 was compiled during that year, and is now 
being prepared for press. ‘The incorporation in the Card-Catalogue 
of the Author-Lists for 1914 and 1922 has been completed, and 
the incorporation of the Author-List for 1915-1919 is proceeding. 
When this is finished the Author-Catalogue will be complete to 
1922. The Subject-and-Locality Catalogue is now complete to 
the end of 1913. 

The Expenditure incurred in connexion with the Library during 
the year 1923 was as follows :— 
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The appended Lists contain the Names of Government Depart- 


ments and other Public Bodies, Societies, Editors, and Personal 


Donors, from whom Donations to the Library have been received 


during the year under review :— 


I. GOVERNMENT DEPARTMENTS AND orHER Pusiic Boptks. 


Alabama.—Geological Survey. Montgomery (Ala.). 

American Museum of Natural History. New York. 

Australia, Government of the Commonwealth of. 

Australia (South), ete. See South Australia, ete. 

Baden.—Geologische Landesanstalt. Heidelberg. 

Barcelona—Museu de Cincies Naturals. 

Bavaria.—Oberhergamt & Geologische Landesuntersuchung. Munich. 

Belgium.—Académie Royale des Sciences, des Lettres & Beaux-Arts de Belgique. 

Brussels. 

Belgrade.—Institut Géologique de l’ Université. 

Bergens Museum. Bergen. 

Berlin.—Preussische Akademie der Wissenschaften. 

Bristol Museum & Art Gallery. 

British Columbia.—Ministry of Mines. Victoria (B.C.). 

Brussels.—Musée Royal d’ Histoire Naturelle de Belgique. 

California.—Academy ot Sciences. San Francisco. 

, University of. Berkeley (Cal.). 

Cambridge (Mass.)—American Academy of Arts & Sciences. 

Museum of Comparative Zoology in Harvard College. 

Canada.—Geological Survey. Ottawa. 

Department of Mines. Ottawa. 

Cape Town.—South African Museum. 

Cardiff.—National Museum of Wales. 

Chicago.—Field Museum of Natural History. 

Chicago Academy Natural History Survey. 

China.—Geological Survey. Peking. 

Connecticut.—State Geological & Natural History Survey. Hartford (Conn.). 

Cérdoba (Argentine Republic).—Academia Nacional de Ciencias. 

Czecho-Slovakia.—Staétntho Geologického Ustavu. Prague. 

Denmark.—Geologiske Underségelse. Copenhagen. 

Kommission for Ledelsen af de Geologiske & Geogratiske Underségelser 
1Gronland. Copenhagen. 

Dublin.—Royal Irish Academy. 

Egypt.—Ministry of Finance (Survey Department). Cairo. 

Federated Malay States.—Government Geologist. Kuala Lumpur. 

Finland.—Finlands Geologiska Undersékning. Helsingfors. 

France.—Ministére de 1’ Instruction Publique. Paris. 

Muséum WVHistoire Naturelle. Paris. 

Service Hydrographique de la Marine. Paris. 

Frénch Indo-China.—Service Géologique. Hanoi-Haiphong. 

Gold Coast.—Geological Survey. Accra. . 

Great Britain.—Colonial Office. London. 

. Geological Survey. London. 

——. Imperial Institute. London. 

——. Imperial Mineral Resources Bureau. London. 

Mines Department. London. 

Hesse.—Geologische Landesanstalt. Darmstadt. 

Holland.—Departement van Kolonien. The Hague. 

Honolulu.—Hawaiian Volcano Observatory. 

Ilinois—Geological Survey. Urbana (Ill.). 

India.—Geological Survey. Calcutta. 

- Trigonometrical Survey. Dehra Dun. 

Treland.—Geological Survey. Publin. : 

Japan.—Earthquake-Investigation Committee. ‘Tokio. 

Geological Survey. ‘Tokio. 

National Research Council. Tokio. _ 

Jena.—Geological Department of the University. 

Kansas University. Lawrence (Kan.). 
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Kentucky.—Geological Survey. Frankfort (Ky.). 

La Plata.—Museo de La Plata. 

Lausanne.— University of. 

London.—British Museum (Natural History). 

Metropolitan Water Board. 

Madrid.—Museo de Ciencias Naturales. 

—-. Real Academia de Ciencias Exactas, Fisicas & Naturales. 

Mexico.—Instituto Geolédgico. Mexico City. 

Secretaria de Industria, Comercio & Trabajo. Mexico City. 

Milan.—Reale Istituto Lombardo di Scienze & Lettere. 

Minnesota.—Geological Survey. Minneapolis. 

. School of Mines. Minneapolis. 

Missouri University, School of Mines & Metallurgy. Rolla (Mo.). 

Moscow.— Lithogea’ Institute. 

Munich.—Bayerische Akademie der Wissenschaften. 

Mysore.—Geological Department. Bangalore. 

New South Wales.—Department of Mines. Sydney. 

. Geological Survey. Sydney. 

New York State Museum. Albany (N.Y.). 

New Zealand.—Board of Science & Art. Wellington. 

—. Department of Lands & Surveys. Wellington. 

—. Department of Mines. Wellington. 

—. Dominion Museum. Wellington. 

Geological Survey. Wellington. 

Nigeria.—Geological Survey. 

Norway.—Geologiske Undersékelse. Christiania. 

Norwich Castle Museum Committee. 

Ontario.— Department of Mines. ‘Toronto. 

Padua.—Istituto Geologico della R. Universita. 

Paris.—Académie des Sciences. 

Peru.—Ministerio de Fomento. Lima. 

Philippine Is——Department of the Interior; Bureau of Science. Manila. 

Pinheiro.— Escola Superior da Agricultura & Medecina Veterinaria. 

Poland.—Service Géologique. Warsaw. 

Portici.—Reale Scuola di Agricoltura. 

Prussia.—Preussische Geologische Landesanstalt. Berlin. 

Quebec.—Department of Colonization, Mines, & Fisheries. 

Queensland.—Department of Mines. Brisbane. 

Geological Survey. Brisbane. 

Rhodesian Museum. Bulawayo. 

Rome.—Comitato Glaciologico Italiano. 

- Reale Accademia dei Lincei. 

Rumania.—Academia Romana. Bucarest. 

Scotland.—Geological Survey. Hdinburgh. 

Sendai.—Toéhoku Imperial University. 

South Africa.—Department of Mines. Pretoria. 

——. Geological Survey. Pretoria. 

South Australia. Department of Mines. Adelaide. 

——. Geological Survey. Adelaide. 

Southern Rhodesia.—Geological Survey. Salisbury. 

Spain.—Instituto Geologico. Madrid. 

Sweden.—Sveriges Geologiska Undersékning. Stockholm. 

Switzerland.—Geologische Kommission der Schweiz. Berne. 

Tasmania.—Secretary for Mines. Hobart. 

Tokio.—College of Science. 

Travancore.—Department of Geology. Trivandrum. 

Uganda.—Geological Survey. Entebbe. 

United States—Department of Commerce, Coast & Geodetic Survey. Wash- 
ington (D.C.). 

Geological Survey. Washington (D.C.). 

—. National Academy of Sciences & National Research Council. Washing- 
ton (D.C.). 

National Museum. Washington (D.C.). 

Victoria (Australia). Geological Survey. Melbourne. 

State Rivers & Water Commission. Melbourne. 

Vienna.—Akademie der Wissenschaften. 

. Naturhistorisches Museum. 
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Washington University. St. Louis (Mo.). 
Washington (D.C.)—Carnegie Institution. 
Geophysical Laboratory. 

—. Smithsonian Institution. 

Western Australia. —Department of Mines. Perth. 
Geological Survey. Perth. 


II. Socterres anp Eprrors. 


Adelaide.—Royal Society of South Australia. 
Belfast.—Natural History Society. 

Bergen.— Naturen.’ 

Berlin.—Deutsche Geologische Gesellschaft. 
Palzeontologische Gesellschaft. 

—-—. Zeitschrift ftir Berg-, Hiitten-, & Salinenwesen. 
Berne.—Naturforschende Gesellschaft. 

Bombay Branch of the Royal Asiatic Society. 
Bordeaux.—Société Linnéenne. 

Boston (Mass.)—American Academy of Arts & Sciences. 
Bristol Naturalists’ Society. 

Brunswick.— Verein ftir Naturwissenschaft zu Braunschweig. 
Brussels.—Société Belge de Géologie. 

Société Royale Zoologique & Malacologique de Belgique. 
Buenos Aires.—Sociedad Cientifica Argentina. 
Caen.—Société Linnéenne de Normandie. 
Calcutta.—Asiatic Society of Bengal. 

Institute of Engineers (India). 

Cambridge Philosophical Society. 

Cape Town.—Royal Society of South Africa. 

South African Association for the Advancement of Science. 
Cardiff.—South Wales Institute of Engineers. 
Chambéry.—Société d’ Histoire Naturelle de Savoie. 
Chicago.—‘ Journal of Geology.’ 

Christiania.—Norsk Geologisk Forening. 
Copenhagen.—Académie Royale des Sciences de Danemark. 
Dansk Geologisk Forening. 

Cracow.—Société Géologique de Pologne. 

Darmstadt.— Verein fiir Erdkunde. 

Denver.—Colorado Scientific Society. 

Des Moines.—‘ The Pan-American Geologist.’ 
Dijon.—Académie des Sciences. 

Dorchester—Dorset Natural History & Antiquarian Field-Club. ° 
Dorpat.—Naturforschende Gesellschaft. 

Dublin—Royal Dublin Society. 

Edinburgh.— Geological Society. 

- Royal Scottish Geographical Society. 

Royal Society. i 

Frankfurt am Main.—Senckenbergische Naturforschende Gesellschaft. 
Freiburg i. B—Naturforschende Gesellschaft. 
Geneva.—Société de Physique & d’Histoire Naturelle. 
Glasgow.—Geological Society. 

Gloucester.—Cotteswold Naturalists’ Field-Club. 

Hague, the—Société Hollandaise des Sciences. ' 
Halifax (Nova Scotia).—Nova Scotian Institute of Science. 
Halle a. d. Saale.—Zeitschvrift fiir Praktische Geologie. 
Hamilton Association. Hamilton (Ont.). 
Hereford.—Woolhope Naturalists’ Field-Club. 
Hertford.—Hertfordshire Natural History Society. 
Johannesbure.—Geological Society of South Africa. 
Lausanne.—Société Vaudoise des Sciences Naturelles. 
Leeds Geological Association. 

Leeds.—Yorkshire Geological Society. 

Leicester Literary & Philosophical Society. 
Leipzig.—Zeitschrift fir Krystallographie. 
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Liége.—Société Géologique de Belgique. 
Lille—Société Géologique du Nord. 
Lima.—Asociacién Peruana para el Progreso de la Ciencia. 
Lisbon.—Academia das Sciencias. 
Liverpool Geological Society. 
London.—British Association for the Advancement of Science. 
Chemical Society. 
‘The Chemical News.’ 
‘The Colliery Guardian.’ 
° Fuel.’ 
“The Geological Magazine.’ 
Geologists’ Association. 
Institution of Civil Engineers. 
Institution of Mining Engineers. 
Institution of Mining & Metallurgy. 
Institution of Water Engineers. 
Tron & Steel Institute. 
Linnean Society. 
‘The London, Edinburgh, & Dublin Philosophical Magazine.’ 
Mineralogical Society. 
‘The Mining Journal.’ 
‘The Mining Magazine.’ 
‘Nature.’ 
©The Naturalist.’ 
© Oil-Engineering & Finance.’ 
‘The Petroleum World.’ 
‘The Quarry.’ 
‘Roads & Road Construction.’ 
Royal Agricultural Society. 
Royal Astronomical Society. 
Royal Geographical Society. 
Royal Institution. 
Royal Meteorological Society. 
Royal Microscopical Society. 
Royal Photographic Society. 
Royal Society. 
Royal Society of Arts. 
Society of Kngineers. 
Victoria Institute. 
‘Water.’ 
—. Zoological Society. 
Madison.—Wisconsin Academy of Science. 
Manchester.— Literary & Philosophical Society. 
Marlborough.—Marlborough College Natural History Society. 
Melbourne (Victoria).—Australasian Institute of Mining & Metallurgy. 
Royal Society of Victoria. 
‘The Victorian Naturalist.’ 
Mexico.—Sociedad Cientifica ‘ Antonio Alzate.’ 
Milan.—Societa Italiana di Scienze Naturali. 
Naples.—Accademia delle Scienze Fisiche & Matematiche. 
Newcastle-upon-Tyne.—North of England Institute of Mining & Mechanical - 
Engineers. 
—. University of Durham Philosophical Society. 
New Haven (Conn.).—Academy of Arts & Sciences. 
——. ‘The American Journal of Science.’ 
New York.—American Institute of Mining & Metallurgical Engineers. 
Northampton.—Northamptonshire Natural History Society. 
Ottawa.—Roval Society of Canada. 
Palermo.— [1 Naturalista Siciliano.’ 
Paris.—Annales des Mines. 
—. Société Géologique de France. 
Peking.—Geological Society of China. 
Perth.—Perthshire Society of Natural Sciences. 
Philadelphia.—Academy of Natural Sciences. 
American Philosophical Society. 
Pisa.—Societa Toscana di Scienze Naturali. 
Plymouth.—Devonshire Association for the Advancement of Science. 
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Rennes.—Société Géologique & Minéralogique de Bretagne. 
Société Scientifique et Médicale de l’Ouest. 

Rome.—Societa Geologica Italiana. 

Rugby School Natural History Society. 

Santiago de Chile-—Sociedad Nacional de Mineria. 

Stockholm.—Geologiska Férening. 

Stratford —Hssex Field-Club. 

Stuttgart.—Centralblatt fiir Mineralogie, &c. 

——. Verein fiir Naturkunde Wiirttembergs. 

Sydney (N.S.W.). —Linnean Society of New South Wales. 

Roval Society of New South Wales. 

Torquay Natural History Society. 

Toulouse.—Société d’ Histoire Naturelle. 

Turin.—Reale Accademia delle Scienze. 

Upsala.—Geological Institution of the University. 

Valparaiso. 

Vienna.—Geologische Gesellschaft. 

——. Berg- & Hiittenmannisches Jahrbuch. 

Zoologisch- Botanische Gesellschaft. 

Washington (D.C.).—Geological Society of America. 

Whitby Literary & Philosophical Society. 

Worcester.—Naturalists’ Club. 

York.—Yorkshire Philosophical Society. 

Ziivich.—Schweizerische Naturforschende Gesellschaft. 


Deutscher Wissenschaftlicher Verein zu Santiago. 
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[ vol. Ixxx, 


Rastall, R. H. 
Renier, A. 
Richards, H. C. 
Richardson, W. A. 
Russell, Lady. 


Scalia, 8. 

Scott, He Ke 
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COMPARATIVE STATEMENT OF THE NUMBER OF THE SOCIETY AT 
THE CLOSE OF THE YEARS 1922 anp 1923. 


Dec. 31st, 1922. Dee. 31st, 1923. 
Compounders\\ seen soe tees LOOM Pe Aare 188 
Contributing Fellows.. NO7S oe “wa tcater 1079 
Non- Contributing Fellows.. Oey eer 9 
1279 1276 
Foreign Members ............ OA eae = Settee 38 
Foreign Correspondents...... DOG coat ot 36 
1339 1350 


Comparative Statement, explanatory of the Alterations in the 
Number of Fellows, Foreign Members, and Foreign Correspon- 
dents at the close of the Years 1922 and 1928. 


Number of Compounders, Contributing, and Non- 1279 
Contributing Fellows, December 31st, 1922... 


Add Fellows elected during the former year and 16 
paid. war LOZS I LAss Facies nade pecan ogee ses ee 
Add Fellows elected and paid in 1928 ............ 38 
Add Wellowsare-instated josh. ee teem eee 2 
1330 
Deduct Compounders deceased apAnd.mee...d..-8 0 
Contributing Fellows deceased ............... 22 
Contributing Fellows resigned ............... 14 
Fellows removed in accordance with Sect. VI, 
AT. 0, Of the. B ye- any aire yn tree eae 10 
— 454 
1276 
Number of Foreign Members and Foreign Cor- 60 
respondents, December olst, 1922 -52.5.c000..0. 
Add 14 Foreign Correspondents elected ......... 14 
— 74 
13850 
DeEcEASED FELLOWS. 
Compounders (8). 
Collingwood, J. F. [elected in | Holmes, T. V. [el. 1876]. 
1861}. Ridsdale, Sir Edward A. [el. 
Hall, H. F. [el. 1865]. 1889]. 
Harmer, F. W. [el. 1869]. Smith, R. C. [el. 1873]. 


Hills, R. C. [el. 1884]. Wright, J. [el. 1866]. 
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Contributing Fellows (22). 


Ballot, J. [elected in 1898]. 
Blackmore, J. C. [el. 1888]. 
Carey, A. E. [el. 1887]. 
Curtis, A. H. [el. 1891}. 
Gresley, W:S. [el. 1877]. 
Hayden, Sir Henry H. [el. | 
1900}. | 
Herries, Sir William [el. 1885]. | 
Hooley, R. W. [el. 1904]. 
Howorth, Sir Henry H. [el. 
1891}. 
Johnston, J. [el. 1898]. 


Lawder, A. W. [el. 1872]. 
Le Lacheur, W. J. [el. 1890]. 


| Lindsay, the Rev. J. [el. 1888}. 


Lisboa, M. A. [el. 1909]. 


| Molineux, H. P. [el. 1888]. 


Palmer, R. W. [el. 1918]. 
Reader, T. W. [el. 1891}. 
Stewart, P. C. A. [el. 1904]. 
Thomas, A. E. [el. 1917]. 
Vredenburg, E. W. [el. 1907]. 
Whealler, J. HE. A. [el. 1923]. 
Williams, G. D. [el. 1913]. 


° 


Feitiows Resienep (14). 


Broad, P. G. 
Broom, G. J. C. 
Brown, G. E. 
Brown, G. L. 
Brown, W. A. 
Churechward, A. 
Finnemore, J. 


Jeffery, J. L. 
McNeill, H. C. 
Robertson, E. H. 
Robertson, T. 
Russell, A. 


| Schon, B. 


Wilson, L. E. 


Frniows REMOVED (10). 


Collins, P. H. 
Hutchison, L. G. 
MacAlister, W. W. 
Page, H. M. 
Smith »R. H. 


Spencer, J. 
Thomas, T. S. 
Wasse, F. M. 
Weaver, H. J. 
Yone, N. 


Freitows Evecrep (43) 


Baden-Powell, D. F. W. 
Banerji, A. K. 

Banks, H. F. 

Barnard, R. 

Bowman, I’. S. 

Burton, E. W. St. J. 
Canning, W. F. 
Clayton, R. 


Clutterbuck, E. C. 
Combe, A. D. 

Cook, Miss A. H. 
Cooper, the Rev. C. W. 
Dunn, J. A. 
Farquharson, D. J. 
Fleet, W. F. 
HOxarhulvs 
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Fetitows Enectep (cont.). 


Gaster, C. T. A. Murray-Hughes, R. 


Grange, L. I. Perl, A. 

Guest, A. W. _ Southwell, C. A. P. 
Hardeastle, A. | Stevens, P. G. 
Higham, F. | Talbot, G. K. 
Hitchon, T. | Thomas, EH. G. 
Holmes, S. ' Vincent, H. G. C. 
Jackson, J. F. Vivian, J. C. 
John, D. J. | Vobe, Miss M. 
Keep, C. E. | Whealler, J. E. A. 
Kirkby, W. H. White, H. I. 

Lees, G. M. | Wilkins, L. G. 
Lewis, G. G. Willbourne, E. S. 


Morton, E. 


After the Reports had been read, it was resolved :— 


That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and circulated among the Fellows. 


It was afterwards resolved :— 


That the thanks of the Society be given to Prof. A. C. 
Seward, retiring from the office of President; to Dr. J. W. Evans, 
retiring from the office of Vice-President; to Mr. R. D. Oldham 
and Dr. Herbert H. Thomas, retiring from the office of Vice- 
President, and also from the Council; and to the other retiring 
Members of Council: Prof. W. 8S. Boulton, Prof. O. T. Jones, 
Mr. W. B. R. King, and Sir Jethro Teall. 


After the Balloting-Glasses had been closed, and the Lists 
examined by the Scrutineers, the following gentlemen were declared 
to have been duly elected as the Officers and Council for the 
ensuing year :— 
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OFFICERS AND COUNCIL.—1924. 


PRESIDENT. 
John William Evans, C.B.E., D.Se., LL.B., F.R.S. 


VICE-PRESIDENTS. 
Charles William. Andrews, B.A., D.Sc., F.R.S. 
John Smith Flett, O.B.E., M.A., LL.D., D.Sc., M.B., F.R.S. 
Prof. Albert Charles Seward, Se.D., F.R.S., F.L.S. 
Prof. William Whitehead Watts, LL.D., Sc.D., M.Sc., F.R.S. 


SECRETARIES. 


Walter Campbell Smith, M.C., M.A. 
James Archibald Douglas, M.A., D.Se. 


FOREIGN SECRETARY. 


Sir Archibald Geikie, O.M., K.C.B., D.C.L., LL.D., 
Se.D., F.R.S. 


TREASURER. 
Robert Stansfield Herries, M.A. 


COUNCIL. 


Charles William Andrews, B.A., 
D.Se., F.R.S. 

Frederick NoelAshcroft,M.A.,F.C.S. 

Prof. Perey George Hamnall Bos- 
well, O.B.E., D.Sc. 

Prof. Arthur Hubert Cox, D.Sc., 
Ph.D. 

Henry Dewey. 


James Archibald Douglas, M.A., | 


D.Se. 
Gertrude Lilian Elles, M.B.E., D.Sc. 


John William Evans, C.B.E., D.Sc., | 


LL.B., F.R.S. 

John Smith Flett, O.B.H., M.A., 
LL.D., D.Sc., M.B., F.R.S. 

Sir Archibald Geikie, O.M., K.C.B., 
D.C.L., LL.D., Se.D., F.B.S. 

Frederick Henry Hatch, O.B.E., 
Ph.D. 


\| 


| Henry Woods, M.A., F.R.S. 


Hawkins, 


Prof. Herbert Leader 
D.Se. 


, Robert Stansfield Herries, M.A. 
| Sir Thomas Henry Holland, K.C.S.1., 


IR OMI s IDSs, LDSIUS. 
William Dickson Lang, M.A., Se.D. 


| Tressilian Charles Nicholas, O.B.E., 


M.A. 

Prof. Sidney Hugh Reynolds, M.A., 
se..D. 

Prof. Albert Charles Seward, Sc.D., 
BVT.0.) Lelie. 

Walter Campbell Smith, M.C., M.A. 

Leonard James Spencer, M.A.,Sc.D. 


| Sir Aubrey Strahan, K.B.E., Sc. D., 


LED ERs. 


Prof. William Whitehead Watts, 


LL.D., Se.D., M.Se., F.R.S. 
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LIST OF 
THE FOREIGN MEMBERS 


OF THE GEOLOGICAL SOCIETY OF LONDON, 1n 1923. 


Daie of 

Election. : 

1886. Prof. Gustav Tschermak, Vienna. 

1891. Prof, Charles Barrois, Lille. 

1893. Prof. Waldemar Christofer Brégger, Christiania. 

1894. Prof. Edward Salisbury Dana, New Haven, Conn. (U.S.A.). 
1896. Prof. Albert Heim, Ziirich. 

1898. Dr. Charles Doolittle Walcott, Washington, D.C. (U.S.A.). 
1899. Prof. Emanuel Kayser, Munich. 

1899. M. Ernest Van den Broeck, Brussels. 

1900. M. Gustave F. Dollfus, Parzs. 

1900. Prof. Paul von Groth, Munich. 

1901. Dr. Alexander Petrovich Karpinsky, Petrograd. 

1901. Prof. Antoine Francois Alfred Lacroix, Paris. 

1908. Prof. Albrecht Penck, Berlin. 

1903. Prof. Anton Koch, Budapest. 

1904. Prof. Henry Fairfield Osborn, New York (U.S.A.). 

1905. Prof. Louis Dollo, Brussels. 

1907. Dr. Emil Ernst August Tietze, Vienna. 

1908. Prof. Bundjiré Kot6, Tokyo. 

1909, Prof. Johan H. L. Vogt, Trondhyem. 

1911. Prof. Baron Gerard Jakob De Geer, Stockholm. 

1911. M. Emmanuel de Margerie, Strasbow'g. 

1912. Prof. Marcellin Boule, Paris. 

1913. Prof. Johannes Walther, Halle an der Saale. 

1914. Prof. Friedrich Johann Becke, Vienna. 

1914. Prof. Thomas Chrowder Chamberlin, Chicago, Ill. (U.S.A.). 
1914. Prof. Franz Julius Loewinson-Lessing, Petrograd. 

1914, Prof. Alexis Petrovich Pavlow, Moscow. 

1914. Prof. William Berryman Scott, Princeton, N.J. (U.S.A.). 
1921. Dr. Frank Wigglesworth Clarke, Washington, D.C. (U.S.A.) 
1921. Prof. Emile Haug, Paris. 

1921. Prof. Maurice Lugeon, Lausanne. 

1921. Prof. Hans Schardt, Ditrich. 

1921. Dr. Jakob Johannes Sederholm, Helsingfors. 

1921. Dr. Henry Stephens Washington, Washington, D.C. (U.S.A). 
1923. Prof. Lucien Cayeux, Paris. 

1923. Prof. John M. Clarke, Albany, N.Y. (U.S.A.). 

1923. Prof. Henri Douvillé, Paris. 

1923. Prof. Waldemar Lindgren, Boston, Mass. (U.S.A.). 
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OF 


Date of 
Election. 


1889. 
1898. 
1899. 
1900. 
1902. 
1904, 
1904, 
1904. 
1906. 
1909. 
1911. 
TOLL. 
1912. 
1912. 
1912. 
1912. 
1913. 
1921. 
1921. 
1921. 
1921. 
1921. 
1923. 
1923. 
1923. 
1925. 
1928. 
1923, 
19238. 
1923. 
1923. 
1925. 
1923. 
1923. 
1923. 
1928. 
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LIST OF 


THE FOREIGN CORRESPONDENTS 


THE GEOLOGICAL SOCIETY OF LONDON, rw 19238. 


Dr. Rogier Diederik Marius Verbeek, The Hague. 

Dr. W. H. Dall, Washington, D.C. (U.S.A.). 

Dr. Gerhard Holm, Stockholm. 

Prof. Federico Sacco, Turin. 

Dr. Thorvaldr Thoroddsen, Copenhagen. 

Dr. Erich Dagobert von Drygalski, Charlottenburg. 

Prof. Giuseppe de Lorenzo, Naples. 

The Hon. Frank Springer, Last Las Vegas, New Mexico (U,S.A.). 
Prof. William Morris Davis, Cambridge, Mass. (U.S.A.), 
Dr. Daniel de Cortazar, Madrid. 

Prof. Arvid Gustaf Hogbom, Upsala. 

Prof. Charles Depéret, Lyons. 

Dr. Whitman Cross, Washington, D.C. (U.S.A.). 

Baron Ferencz Nopesa, Vienna. 

Prof. Karl Diener, Vrenna. 

Prof. Fusakichi Omori, Tokyo. (Deceased.) 

Dr. Per Johan Holmquist, Stockholm. 

Dr. Maurice Cossmann, Paris. 

Prof. Henry de Dorlodot, Lowvain. 

Prof. Louis Dupare, Geneva. 

Prof. Johan Kier, Christiania. 

Prof. John J. Stevenson, New York City (U.S.A.). 
Prof. Emile Argand, Neuchatel. 

Prof, Léon William Collet, Geneva. 

Prof, Reginald Aldworth Daly, Cambridge, Mass. (U.S.A.). 
Prof. G. Delépine, Lidle. 

Prof. Paul Fourmarier, Liége. - 

Prof, Victor Moritz Goldschmidt, Christiania. 

Prof. Thore Gustafsson Halle, Stockholm. 

Prof. James Furman Kemp, New York City (U.S.A.). 
Prof. Carl Frederik Kolderup, Bergen. 

Prof, Carlos I. Lisson, Lima. 

Prof. Gustaaf Adolf Frederik Molengraatf, De/ft. 

Dr. Armand Rénier, Brussels. 

Prof. Pierre Termier, Paris. 

Dr. Frederick Eugene Wright, Washington, D.C. (U.S.A.). 
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[Notr.—The Lists of Awards of Medals and Funds, up to the year 1907 
inclusive, are published in the ‘ History of the Geological Society.’ ] 


AWARDS OF THE WOLLASTON MEDAL 
UNDER THE CONDITIONS OF THE ‘ DONATION FUND,’ 


ESTABLISHED BY 
WILLIAM HYDE WOLLASTON, M.D., F.RB.S., F.G.S., re. 


‘To promote researches concerning the mineral structure of the Earth, and to 
enable the Council of the Geological Society to reward those individuals of any 
country by whom such researches may hereafter be made,’-—‘ such individual not 
being a Member of the Council.’ 


1908. Prof. Paul von Groth. 1917. Prof, A. F. A. Lacroix. 
1909. Mr. Horace B. Woodward. 1918. Dr. Charles D. Walcott. 
1910. Prof. William B. Scott. | 1919. Sir Aubrey Strahan. 
1911. Prof. Waldemar C. Brégger. | 1920. Prof. G. J. De Geer. 
1912. Sir Lazarus Fletcher. | Dr Bs Ne Peach: 

1913. The Rey. Osmond Fisher. 1921. eo John Horne. 

1914. Prof. John Edward Marr. | 1922. Dr. Alfred Harker. 

1915. Sir T. W. Edgeworth David. | 1923, Mr. William Whitaker. 
1916, Dr. A. P. Karpinsky. | 1924. Dr. A. Smith Woodward. 


AWARDS 
OF THE 


BALANCE OF THE PROCEEDS OF THE WOLLASTON 
“DONATION FUND’ 


1908. Dr. Herbert Henry Thomas. 1917. Prof. Percy G. H. Boswell. 
1909. Mr. Arthur J. C. Molyneux. | 1918, Mr. Albert Ernest Kitson. 
1910. Mr. Edward B, Bailey. | 1919. Dr. A. L. Du Toit. 

1911. Prof. Owen Thomas Jones. | 1920. Mr. William B. R. King, 
1912. Mr. Charles Irving Gardiner, | 1921. Dr. Thomas O. Bosworth. 
1913. Mr. William Wickham King, | 1922. Dr. Leonard J. Wills. 
1914, Mr. R. Bullen Newton. ~ 1928, Mr. Harold Herbert Read. 
1915. Mr. Charles Bertie Wedd. 1924, Dr. Cecil Edgar Tilley. 
1916. Mr. William Bourke Wright. 
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AWARDS OF THE MURCHISON MEDAL 


UNDER THE CONDITIONS OF THE 


‘MURCHISON GEOLOGICAL FUND,’ 
ESTABLISHED UNDER THE WILL OF THE LATE 


SIR RODERICK IMPEY MURCHISON, Barr., F.R.S., F.G.S 


“To be applied in every consecutive year, in such manner as the Council of the 
Society may deem most useful in advancing Geological Science, whether by 
granting sums of money to travellers in pursuit of knowledge, to authors of 
memoirs, or to persons actually employed in any enquiries bearing upon the 
science of Geology, or in rewarding any such travellers, authors, or other persons, 
and the Medal to be given to some person to whom such Council shall grant 
any sum of money or recompense in respect of Geological Science.’ 


1908. Prof. Albert CharlesSeward. | 1917. Dr. George F. Matthew. 
1909. Prof. Grenville A. J. Cole. | 1918. Mr. Joseph Burr Tyrrell. 


1910. Prof. Arthur P, Coleman, — 1919. Miss Gertrude L. Elles, 
1911. Mr. Richard Hill Tiddeman, | 1920. Dame E. M. R. Shakespear. 
1912. Prof. Louis Dollo. 1921. Mr. Edgar Sterling Cobbold. 
1913. Mr. George Barrow. 1922. Dr. John William Evans. 


1914, Mr. William A. E. Ussher. | 1923. Prof. John Joly. 
1915. Prof. William W. Watts. | 1924, Dr. Walcot Gibson. 
1916. Dr. Robert Kidston. | 


AWARDS 


OF THE 


BALANCE OF THE PROCEEDS OF THE 
‘MURCHISON GEOLOGICAL FUND.’ 


1908. Miss Ethel Gertrude Skeat. | 1917. Dr. William Mackie. 
1909. Dr. James Vincent Elsden. 1918. Mr. Thomas Crook. 

1910. Mr. John Walker Stather. 1919. Mrs. Eleanor Mary Reid. 
1911. Mr. Edgar Sterling Cobbold. | 1920. Dr. David Woolacott. 
1912. Dr. Arthur Morley Davies. 1921. Dr. Albert Gilligan. 

1913. Mr. Ernest E. L. Dixon. 1922. Dr. Herbert Bolton. 
1914. Mr.Frederick NairnHaward. | 1923. Mr, Thomas H. Withers. 
1915, Mr. David Cledlyn Evans. 1924, Dr. Leonard Frank Spath. 
1916. Mr. George Walter Tyrrell. 
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AWARDS OF THE LYELL MEDAL 


UNDER THE CONDITIONS OF THE 
‘LYELL GEOLOGICAL FUND,’ 
ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 
SIR CHARLES LYELL, Barr., F.R.S., F.G.S. 


The Medal ‘to be cast in bronze and to be given annually’ (or from time to time) 
‘as a mark of honorary distinction and as an expression on the part of the 
governing body of the Society that the Medallist (who may be of any country 
or either sex) has deserved well of the Science, —‘ not less than one third of the 
annual interest {of the fund] to accompany the Medal, the remaining interest 
to be given in one or more portions, at the discretion of the Council, for the 
encouragement of Geology or of any of the allied sciences by which they shall 
consider Geology to have been most materially advanced, either for travelling 
expenses or for a memoir or paper published, or in progress, and without 
reference to the sex or nationality of the author, or the languagein which any 
such memoir or paper may be written.’ 

There is a further provision for suspending the award for one year, and in 
such case for the awarding of a Medal to ‘each of two persons who have been 
jointly engaged in the same exploration in the same country, or perhaps on 
allied subjects in different countries, the proportion of interest always not being 
less to each Medal than one third of the annual interest.’ 


1908. Mr. Richard Dixon Oldham. | 1916. Dr. Charles W. Andrews. 


1909. Prof. Percy Fry Kendall. 1917. Dr. Wheelton Hind. 
1910. Dr. Arthur Vaughan. 1918. Mr. Henry Woods. 
1911 j Dr. Francis Arthur Bather, | 1919. Dr. William Fraser Hume. 


| Dr. Arthur Walton Rowe. | 1920, Dr. Edward Greenly. 
1912. Mr. Philip Lake. 1921. M. E. de Margerie. 
1913. My. Sydney 8. Buckman. 1922. Dr. Charles Davison. 
1914. Mr. Charles S. Middlemiss. | 1923. M. Gustave F. Dollfus. 
1915, Prof. Edmund J. Garwood. | 1924, Mr. W. Wickham King. 
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1908. 
1908. 
1909. 
1909. 
1910. 
1910. 
tL: 
1912. 
1912. 
1913. 
1914. 
1914. 
1915. 
1915. 
1916. 
1916. 
iGhie 


AWARDS 
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BALANCE OF THE PROCEEDS OF THE 
‘LYELL GEOLOGICAL FUND.’ 


Prof. T. Franklin Sibly. 
Mr. H. J. Osborne White. 
My. H. Brantwood Maufe. 
Mr. Robert G. Carruthers. 
Dr. F. R. Cowper Reed. 
Dr. Robert Broom. 


Prof. Charles Gilbert Cullis. | 
Dr. Arthur R. Dwerryhouse. 


Mr. Robert Heron Rastall. 
Mr. Llewellyn Treacher. 
The Rev. Walter Howchin. 
Mr. John Postlethwaite. 
Mr. John Parkinson. 

Dr. Lewis Moysey. 

Mr. Martin A. C. Hinton. 
Mr. Alfred S. Kennard. 
Prof, A. Hubert Cox. 


| 
| 
| 
| 
| 


| 1919. 
| 1919. 
1920. 
| 1920. 
1921. 
1921. 
1922. 
1922. 
1923. 
1923. 
1924. 
1924. 


1917. 
1918. 
1918. 


Mr. Tressilian C. Nicholas. 

Mr. Vincent Charles [ling. 

Mr. William Kingdon 
Spencer. 

Mr. John Pringle. 

Dr. Stanley Smith. 

Dr. John D. Falconer. 

Mr. Ernest 8. Pinfold. 

Prof. H. L. Hawkins. 

My. C. E. N. Bromehead. 

Mr. Arthur Macconochie. 

Mr. David Tait. 

Prof. W. N. Benson. 

Prof. W. T. Gordon. 

Mr. John W. Tutcher. 

Mr. H. Hamshaw Thomas. 
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AWARDS OF THE BIGSBY MEDAL, 


FOUNDED BY THE LATE 


Dr. J. J. BIGSBY, F.BS., F.G.S. 


To be awarded biennially ‘as an acknowledgment of eminent services in any depart- 
ment of Geology, irrespective of the receiver’s country; but he must not be 
older than 45 years at his last birthday, thus probably not too old for further 
work, and not too young to have done much.’ 


1909. Dr. John Smith Flett. | 1917. Mr. Robert G. Carruthers. 
1911. Prof. Othenio Abel. | 1919. Sir Douglas Mawson. 


1913. Sir Thomas H. Holland. | 1921. Dr. Lewis L. Fermor. 
1915, Sir Henry Hubert Hayden. | 1923, Mr. E. B. Bailey. 


AWARDS OF THE PRESTWICH MEDAL, 


ESTABLISHED UNDER THE WILL OF THE LATE 


SIR JOSEPH PRESTWICH, F.B.S., F.G.S. 


‘To apply the accumulated annual proceeds... at the end of every three years, in 
providing a Gold Medal of the value of Twenty Pounds, which, with the 
remainder of the proceeds, is to be awarded... to the person or persons, either 
male or female, and either resident in England or abroad, who shall have done well 
for the advancement of the science of Geology ; or, from time to time to accumulate 
the annual proceeds for a period not exceeding six years, and apply the said 
accumulated annual proceeds to some object of special research bearing on 
Stratigraphical or Physical Geology, to be carried out by one single individual or 
by a Committee; or, failing these objects, to accumulate the annual proceeds for 
either three or six years, and devote such proceeds to such special purposes as 


may be decided.’ 


1909. 
1912. 
1915. 
1918. 
1921. 
1924, 


Lady (John) Evans, 

Library extension. 

Prof. Emile Cartailhac. 

Sir William Boyd Dawkins. 
List of Geological Literature. 
List of Geological Literature. 
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AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND, 
ESTABLISHED UNDER THE WILL OF THE LATE 
Dr. H. C. BARLOW, F.G:S. 


“ The perpetual interest to be applied every two or three years, as may be approved by 
the Council, to or for the advancement of Geological Science.’ 


1908. ‘Grey-Wether’ sarsens on | 1915. Mr, Joseph G. Hamling. 
Marlborough Downs. 1917. My. Henry Dewey. 
1911. Mr. John Frederick Norman | 1921. List of Geological Litera- 
Green. ture. 
1913 (Mr. Bernard Smith. 1924. Publications (including List 
’ )Mr. John Brooke Scrivenor. of Geological Literature). 


AWARDS OF THE PROCEEDS OF THE 
‘DANIEL-PIDGEON FUND, 


FOUNDED BY MRS. PIDGEON, IN ACCORDANCE WITH THE 
WILL OF THE LATE 


DANIEL PIDGEON, F.GS. 


“An annual grant derivable from the interest on the Fund, to be used at the 
discretion of the Council, in whatever way may in their opinion best promote 
Geological Original Research, their Grantees being in all cases not more than 
twenty-eight years of age.’ 


1908. Dr. James A. Douglas. 1917. Dr. Arthur Holmes. 
1909, Dr. Alexander M. Finlayson. | 1918. Mr. James A. Butterfield. 
1910. Mr. Robert Boyle. 1920. Miss M. E. J. Chandler. 
1911. Mr. Tressilian C. Nicholas. 1920. Prof. L. Dudley Stamp. 
1912. Mr. Otway H. Little. 1921. Mr. Ralph W. Segnit. 
1913. Mr. Roderick U. Sayce. 1921. Dr. Frederick S. Wallis. 
1914. Prof. Percy G. H. Boswell. | 1922. Mr. H. Price Lewis. 
1915. Mr. E. Talbot Paris. 1923. Mr. Howel Williams. 


1916. Prof. John K. Charlesworth. 
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Estimates for 


INCOME EXPECTED. 


a th Oh £ os 
COMTOMBON caodoacaecooapsogoupodoodoor 52 10 0 
Admission=Hees, UO24 sii ciaetevers ieters) seers eke 315 0 0 
aes 87 10 C 
Arrears of Annual Contributions ............ 200 0 0 
Annual Contributions, 1924 ......5......... 2240 0 O 
Annual Contributions in advance............ 50 0 0 
— 2490 0 0 
Quarterly Journal Subscriptions ............ HO WO WO 
List of Geol. Lit. Subscriptions ............ 30-080 
— 300 0 0 
Sale of the Quarterly Journal, including Long- 

MANS A CCOUNUMMEE cha mrsele eile! teeters 250 0 O 
Sale of other Publications; ....5-6 0 eee 20 0 0 
Miscellaneous: Receiptsiya sms amiecire eres 40 0 0 
Interest on Deposit-Account................ (i OR) 
Dividends on £2500 India 8 per cent. Stock .. 75 O O 
Dividends on £2540 Southern Railway 5 per 

cent, Preference Stoele rica. a> ecto an eee eae 0) 

Dividends on £3545 London, Midland, & 

Scottish 4 per cent. Preference Stock ...... 141 16 0 

Dividends on £267 6s.7d. Natal3 percent.Stock, 8 O 4 
os 351 16 
Income of Sorby and Hudleston Bequests .... (OMORO 


£3896 16 4 
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the Year 1924, 
EXPENDITURE ESTIMATED. 


Repairs and Maintenance Fund .................05- i 200 080 


flouse-Expenditure : 


AND els GROG UIDTEIE SHINEE). pe coon aunocsaecosne com ensagee 25° 0 0 
ilectrre: Mip hit a enamscccesen recast nienaes 50 0 0 
(ORE ech net ae do ESSERE Ros aR EE EERE ea EEE 30 0 0 
Erolanmcenmens cette ences a tiaeteiees Wenaseereercc: sx © 
xnaatiall Ceara oo ree eres heen Cae AO 20 0 0 
Washing and Sundry Expenses.................. LOM ORRO 
a WSS EE reall Wyo) a balsas, oo aneaeeaeenne reece oe meen py AO (0) 
— 270 0 0 
malariog anda W Geach GtGAMi <5 cans ier eran se nen ee LALO em G?O 
Office-Expenditure : 
UALIONOLY, Meer eens s7s ain antasaisse seni sawanevarianie 50 0 0 
Mascellancous Printing vyeccn tere. cn selene cans 110 Oe0 
Postages and Sundry Expenses.................. KO) OO 
MIBTIOL HP SLIOWS) enc seaiesteee meas eo ours en ees 65 0 0 
325 0 0 
fabrary (Books and Binding) .............. 180 0 0 
(Catalogue: Cards) iin. seystacicniene rerun 5 0 0 
—— 18 0 9 
Publications : 
Quarterly, Jiourmall (Viola lxscx)) Ga.-erecee cee 1000 0 O 
Postage on Journal, Addressing, ete. ......... AOD Ole 0 
Abstracts of Proceedings, including Postage. 240 0 0 
List of Geological Literature for 1923......... 160" 0-0 
—— 1440 0 0 
£3830 0 0 
Deticitvaevianwary Vsti O2 Lessin tact). crete et ci ere oe £63 12 11 
Estimated Balance at December 31st, 1924 .............. 3 Gh os) 


£3896 16 4 


ROBERT 8. HERRIES, Treasurer. 
January 80th, 1924. 


Income and Expenditure during the 


RECEIPTS. 


Ordinary Receipts. 
& 


Ee ke Bg at 
To Balance in the hands of the Bankers at 
January Ist, 1923: 
Current Account . 5 Ae 2) al 
,. Balance in the hands of the Clerk at 
January lst 1929. ipocs sere eran ade 18 4 
—— 167 138 2 
PP got POSILO US csaeeneeta ne ovat ate remanent 5210 0 
,, Admission-Fees : 
JA TROIS ha Crecente ich ar OOS Ga a 0) 
Current ire een ane 207 18 0O 
— 308 14 0O 
= wArrears oLpAnnual Contributions. .aeesee. se seeneee 208 14 O 
, Annual Contributions for 1923.........2812 12 6 
,, Annual Contributions in advance ...... 63 15 O 
2376 @7 6 
», Quarterly Journal Subscriptions 420009 26 
,, List of Geol. Lit. Subscriptions ...... 51 14-6 
——- aL” TF 0 
,, Publications : 
Sale of Quarterly Journal : 
» Vols. i to Ixxviii (less Commis- 
Enea EEO) GYAN) soo kancnococ coe 286 7 9 
; Vol. lIxxix (less Commission 
86 Ts. Ades See nnn See 36 15 6 
; Other Publications (less Com- 
HMESSIOM iorne/ferinn ee eee eerreerne 30 14 7 
— 353 17 10 
» Miscellaneous’ Recemptss.., ice tie te eee ee ee 
ee Lnterest Om WeNQsit acs ales tremens ecm ee ae a 8) ANG) 
,, Dividends, as received :— : 
£2500 India 3 per cent. Stock ............ as OW © 
£2540 Southern Railway 5 per cent. Pre- 
EOLONCO ISLOCK = eas eae emia eon Corte Gm Ome 
£3545 London, Midland, & Scottish Rail- 
way 4 per cent. Preference Stock ...... 106 18 3 
£267 6s. 7d. Natal 3 per cent. Stock...... 6 2) 54 
-—— 284 1 6 
», Income-Tax recovered .... * 72 1g 
,, Transfer from Sorby & edlestans Bequests 6 dei Om iaanG 
,, Excess of Expenditure over Ordinary Receipts ... 354 1 7 
£4602 17 10 
Special Receipts. 
To Grant from the Royal Society for the List of 
Geological Literature 1915-19 ............... 100 0 O 
; Transfer from the Voluntary Publication 
Fund for the Quarterly Journal, being 
Excess of Expenditure over Hstimate...... 190 8 8 
,, Amount overdrawn at the Bank 
at December 31st, 1923 ...... iA AS 7 
Less Cash in the Clerk’s hands 
at December 31st, 1923  ..... LORLOMES 
————_ 63 12 11 


354 1 7 


Year ended December 81st, 1928. 


PAYMENTS, 
; Ae 5, utah ES By 
Dig, Mamibenance: Und vst. c.. co Se odus cos act cbeddscc kee 250 O 
», House- Expenditure : 
UNE oie cp ae Sau: ante anon SAR OMT a See ee 15 0 
Fire- and other Insurance ..................... BOX GY al 
Electric Lighting Eran undednecy 4D On LO: 
(Gals meee Pde hess es os ce tamei eases dal aetendven exe Alize YF 
NUT ln Be od Sina vod curs Ghai et HORE COMER ae Re SL ISO 
urniturerandiiepawrst .2...c222sccsess0-neet i 
PA a Clean geese eee ge derrian cee. cena 2418 1 
Washing and Sundry Eixpenses............... i) 5 &) 
Mearat Meeting sane wiknodsdonwcacraceccasleee 2a) 3) LO 
257 14 2 
», Salaries and Wages, etc. : 
Permanent Secretary ................0.cccceeees 950 0 0 
i Dill bash Wel een ce woconcedtes ond AeA eeee eer S ede 350 0 0 
Gir Kea tan tea rey eho) oars de sa 143° 34 
AIBA SANE SIISL ON | xasenaaboktarncn. <anauaad vee ook 130 0 0 
House- Porter and: Wate ....cessssce. os o-oes cee 141 11 O 
IENOUS G18: Cac ge RENE Seciite Nea ee ee 4616) 0) 
Charwoman and Occasional Assistance ... 28 4 0 
INGO UFO Me) ne peau an seg setae ane ave ooeeer 10) 10) 0) 
Pe Ortega Wem @ mum rae as aene eee eiae ode “ & @ 
1437 10 4 
,, Office-Expenditure : 
Shai ROOT yao Pi rctien ete es score rh aces Ghiy Gt afl 
Miscellaneousgubringine. o....50s.+..45-.55 see SAWS ais} 75) 
Postages and Sundry Hxpenses............... 105 7 10 
256 4 4 
», Library: 
Bookapanclehin din Oy eee ee pee ee a. eee 160 15 6 
160 15 6 
,, Publications (current year) : 
Quarterly Journal, Vol. Ixxix, Paper, 
Printing, and Ulustrations ............... 1190) 88S 
Postage on Journal, Addressing, etc....... 33.18 5 
Abstracts, including Postage ............... 216 2 O 
List of Geological Literature for 1922 ... 16113 38 
1601 17 4 
,, Publications (arrears of) :— 
List of Geological Literature for 1914 ... 156 6 7 
ze i . for 1915-19. 482 9 7 
——— 688 16 2 


By Excess of Expenditure over Ordinary Receipts. 


We have compared this Statement with 
the Books and Accounts presented to us, 
and find them to agree. 


F. N. ASHCROFT, 


£4602 17 10: 


£354 1 7 


HORACE W. MONCKTON, } Auditors. 
Janwary 30th, 1924. ROBERT S. HERRIES, Treasurer. 
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Statement relating to the Society’s Property. 


December 31st, 1928. 


te 
w 
= 
tn) 
” 
Q 


Balance in the Bankers’ hands, December 31st, 
1925, being the balance of the Voluntary Publi- 
cation Fund (£229 17s. 10d., less overdraft on 
General Purposes Account, £74 12s. 7d.) .... 155 5 38 


Balance in the Clerk’s hands, December 3lst, 1923 1019 8 


—_—__. 166 4 11 
Balance of the Maintenance Fund ............ meat ib Ss 
Arrears of Annual Contributions .............. 999 9 0 


(Estimated to produce £200 Os. Od.) 


ee 
Funded Property :— Valued at 

Cost Price. Dec. 31st, 1925. 

£2500 India 3 per cent. Stock ............ 2623 19 O 1406 5 O 
£2540 Southern Railway 6 per cent, Prefer- 

ence Stock? Balsvc.wssves St Oe cee 4110 2 9 2489 4 0 
£3545 London, Midland, & Scottish Railway 

4 per cent. Preference Stock?............ 4749 10 0 2818 5 6 

£267 6s. 7d. Natal 3 per cent. Stock ...... 250 0 0 iL il 


£2000 Canada 33 per cent. Stock [1930- 
1950] (Sorby and Hudleston Bequests) .. 1982 11 0 1570 O O 


£13,716 2 9 £8474 17 4 


[Norz.—The above amount does not include the value of the Library, Furniture, 
and stock of wnsold Publications. | 


ROBERT S. HERRIES, Treasurer. 
January 380th, 1924. 


1 Formerly £300 London, Brighton, & South Coast Railway 4 per cent. Preference 
Stock and £2800 London & South-Western Railway 4 per cent. Consolidated 


Preference Stock. 
2 Formerly £2250 London & North-Western Railway 4 per cent. Preference 
Stock and £2072 Midland Railway 23 per cent. Perpetual Preference Stock. 
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Awarp or tHE Wortaston MEDAL. 


In presenting the Wollaston Medal to Dr. Arrnur SMITH 
Woopwarp, F.R.S., the President addressed him as follows :— 


Dr. Smira Woopwarp,— 


It has been my privilege for many years to enjoy the hospitality 
of the Department with which you have been connected for rather 
more than four decades. Though only superficially acquainted 
with the matter of your original investigations, I can appreciate 
their importance as contributions towards the unravelling of the 
tangled skein of life in which we are both interested, and I can 
with sincerity acknowledge the unfailing kindness which you have 
shown to me, a fellow-worker, though in a different branch of our 
common science. Ten years after you joined the Staff of the 
British Museum you were appointed Assistant Keeper, and in 
1901 you succeeded Dr. Henry Woodward as Keeper. The award 
to you of the Wollaston Medal on the eve of the termination of 
your official connexion with the Museum may be regarded, in part 
at ‘least, as an expression of appreciation of, the, greatness of the 
debt which the National Institution owes to you. The Gallery 
of Fossil Fishes contains by far the finest collection in the world : 
its completeness is in large measure due to your energy, ability, 
and tireless devotion. 'The four volumes of the Catalogue of this 
collection, and the surprisingly large number of your other publi- 
cations, have given you a pre-eminent position as an authority on 
Vertebrate Paleontology. 

I cannot help expressing great regret that the Museum is about 
to be deprived of the benefits which it has long enjoyed through 
your unique knowledge of museum arrangement, acquired by 
visiting nearly all the important collections in the world, added to 
your mastery of the subject to which you have more especially 
devoted yourself. May I express a hope that this loss may, in 
some degree,{be compensated by the greatly increased leisure for 
research which your retirement will provide ? 

Your association with the late Charles Dawson in the discovery 
and excavation of the now world-famous Piltdown skull and other 
human remains was a circumstance for which this Society and 
the scientific world are grateful. 


You have not allowed yourself to be wholly absorbed by the 
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attraction of research in the narrower and more selfish sense ; by 
your lucidity of expression and ability to speak in a language that 
ean be understood by the layman you have rendered conspicuous 
service. You have presided with distinction over this Society, the 
Linnean Society, the Geologists’ Association, and other scientific 
bodies; and as Secretary and Editor of the Palontographical 
Society you have earned the grateful thanks of many authors. 
You have taken a broad view of the duties of a professional man 
of science; you are one of those 
‘who hath among least things 


An under-sense of greatest; sees the parts 
As parts, but with a feeling of the whole.’ 


Dr. Surra Woopwarp replied in the following words :— 


Mr. PrestpEntT,— 


I wish to thank the Council for the great honour that they 
have done me in awarding to me the Wollaston Medal, the highest 
distinction to which a geologist can aspire. If I am indeed 
worthy of their choice and of all the commendation which you, 
Sir, have just so kindly expressed, I feel that this is chiefly due to 
my long and intimate association with the Fellows of the Geolo- 
gical Society. Beginning with my early instructor, Sir William 
Boyd Dawkins, followed immediately by the late Dr. R. H. 
Traquair, the Fellows of the Society have continually stimulated 
me to research, both by their example and by their helpful 
comradeship. During vacations and in my leisure after official 
work, I have had unusual opportunities for pursuing one small 
branch of our science, and it is very gratifying to learn from this 
token of the Society’s approval that I am judged to have achieved 
some success. I am convinced that, as Vertebrate Paleontology 
progresses, it will become of increasing value in solving many of 
the problems of Geology. The time has almost arrived for a new 
broad survey of the great accumulation of facts which have been 
gathered during recent years, and I hope that, with the extended 
leisure which circumstances will soon afford, I may still be able to 
utilize my long experience, and devote some attention to this 
subject. Again I thank you, Sir, and desire, in conclusion, to 
express the pleasure that I feel in receiving this Medal from so old 
and valued a friend. 
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Awarp oF THE Murcuison MEDAL. 


‘The PrestpEn? then presented the Murchison Medal to Dr. 

Watcor Gipson, addressing him as follows :— 
Dr. Grpson,— 

The Council have awarded to you the Murchison Medal in 
recognition of a long record of good work: I would especially 
emphasize the value of your researches into the later Carboni- 
ferous rocks of England and Wales. After a brief sojourn in 
South Africa, where you made full use of your opportunities to 
add to the little that was known of the geology of the Southern 
Transvaal, you joined the Geological Survey of Great Britain, and 
began your official work by aiding in the 6-inch survey of the 
South Wales Coalfield. But it was in the Coalfields of the Mid- 
lands, Nottinghamshire, and Yorkshire that you found full scope for 
your energies. There a classification of the Coal Measures, which 
had been suggested by previous workers, was established by your 
6-inch survey of the North Staffordshire Coalfield. The various 
subdivisions of the productive and unproductive measures were 
defined and recognized by you over a wide area in Central England. 
Your studies of their character and changes in development placed. 
you in a position to attack the difficult problems associated with 
the existence and accessibility of concealed coalfields. By bringing 
into co-operation your knowledge of the paleontology and strati- 
graphy of the later barren Measures you were able to give material 
help to the Engineer in the exploration of the underlying productive 
Measures, a service which is of national importance. For work 
such as yours, which provides firm stratigraphical foundations, a 
Paleobotanist also may be allowed to express gratitude. I venture 
to express my confidence that, in the responsible position which 
you now hold, that of Assistant Director in charge of the Scottish 
branch of the Geological Survey, your experience will be turned 
still further to good account. 


Dr. Waxcor Grzson replied in the following words :— 


Mr. PREstpENT,— 


I wish to express my sincere appreciation of the great distinction 
conferred upon me by the Council of the Geological Society, and 
for your kindly mention of my efforts. 
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Much of the work to which you have referred has been possible, 
only with the aid of information obtained from those employed in 
coal-mining. I am sure that this recognition will be an encourage- 
ment to others engaged in collecting and interpreting the evidence 
revealed in mining operations, especially in boring and sinking for 
coal. 

In the broad elassification of the Carboniferous rocks, and in 
fixing the boundaries between the later Paleozoic and early Meso- 
zoie formations, the Paleobotanist holds the casting vote. In 
receiving the Murchison Medal at your hands I gratefully acknow- 
ledge that indebtedness. 


AWARD OF THE LyEnt MEDAL. 


In presenting the Lyell Medal to Mr. Winniam Wicknam 
Kine, the —o addressed him as follows :— 


Mr. Wicknam Kine, 


You have been described by a colleague better informed than I 
am as one of a band of enthusiastic workers who, more than thirty 
years ago, were inspired by the teaching of the late Prof. Charles 
Lapworth in the classes and field-excursions connected with the 
Mason College, Birmingham. 

Your first paper on the Trappoid Breccias of the Clent Area, 
published in 1893, was followed in 1899 by a paper on the Permian 
Conglomerates of the Lower Severn Basin, in which you established 
for the first time a lithological succession of the Permian of the 
Midlands, and explained the source and mode of accumulation of 
its rocks. For nearly thirty years you diligently collected a great 
mass of facts from mining plans and field-exposures, from which 
has been constructed an accurate and detailed model of the Thick 
Coal of South Staffordshire: your researches throw new light on 
the pre- and post-Carboniferous disturbances in the area covered 
by the model. You have also discovered and described inliers of 
Old Red Sandstone Passage-Beds in the South Staffordshire 
Coalfield. 

You have always been eager to help others working in the same 
field as yourself, and, I am told, your keen eye for a fossil band in 
most unpromising rocks and your unflagging industry in worrying 
out a piece of complicated ground have often proved of the greatest 
value both to yourself and to others. 
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It is satisfactory to know that exacting professional duties have 
not been allowed to impair your energy, and I hope that we shall 
soon hear some account of the work on the stratigraphy and fossils 
of the Old Red Sandstone of the Severn Valley upon which you 
have long been engaged. 


Mr. Wicknam Kine replied in the following words :— 
Mr, Prestpent,— 


I thank you for the distinction that the Council have bestowed 
upon me, as a recognition of my efforts to throw some light on 
problems connected with the interesting district in which I have 
dwelt all my life. 

Many kind friends, and nearly all the mining engineers and 
colliery proprietors in South Staffordshire, have helped me enor- 
mously. Without this generous assistance the enquiry into the 
folding and floor of that coalfield would not have materialized, as 
this work was indeed abandoned for lack of the necessary materials, 
although later on they were forthcoming. 

The advantage derived from the teaching, friendship, and inspi- 
ration of Prof. Charles Lapworth cannot be overestimated. He 
sowed the seed, and his students’ results are the products of his 
master mind. 

I thank you, Sir, for your kind appreciation of my work. 1 
hope to continue it, and thus perhaps justify this unexpected 
honour. 


AWARD FROM THE WoLtAston Donation Funp. 


The Prestpentr then presented the Balance of the Proceeds 
of the Wollaston Donation Fund to Dr. Cecrm, HEnGar Trunry, 
addressing him as follows :— 


Dr. TrntEy,— 


Eyuipped with a sound working knowledge of chemistry and 
petrography, you set yourself to study some of the many inter- 
esting problems presented by metamorphism, both regional and 
local. The gneisses and other crystalline rocks of your native 
South Australia provided material which you successfully used in 
your thesis for the Doctorate at Cambridge, and to this you added 
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an investigation of the crystalline schists of the Start district in 
South Devon, which appeared in the Quarterly Journal. You 
have also described, for the Australian Antarctic Expedition, an 
interesting series of marbles and cale-schists collected in Adélie 
Land by Sir Douglas Mawson. Subsequently you examined the 
contact-metamorphism of the schists and grits surrounding the 
diorite intrusions of Carn Chois, near Comrie. Your study of 
these rocks, presented to this Society last June, but not yet pub- 
lished, will, I am assured, take its place as a contribution of real 
and permanent value. You have followed the sound practice of 
combining conscientious work in the field with thorough investi- 
gation of material in the laboratory; and, conducted on these 
lines, your researches may be expected to achieve equally happy 
results in the future. 


AWARD FROM THE Murcutson Greonoagican Funp. 


In presenting the Balance of the Proceeds of the Murchison 
Geological Fund to Dr. Leonarp Frank Sprarn, the President 
addressed him in the following words :— 


Dr. SpatrH,— 


The study of Ammonoid Cephalopods is a task which, in these 
days, few would lightly undertake. Its literature is immense and 
widely scattered: its terminology—lI had almost said, its jargon-- 
is crabbed: and, even if attention is confined to the representatives 
of a single formation, ‘its material is bewildering in its protean 
variation and in the rapid succession of differing yet similar forms. 
Moreover, previous workers in the same field can hardly be said to 
have- lightened their successors’ labours. Yet you have not hesi- 
tated to take up the burden. You early mastered the voluminous 
literature. You have been able, in consequence, to deal with Am- 
monoid Cephalopods from many formations ; and thus, instead of 
specializing narrowly, your view is wide enough to give particular 
value to your conclusions. Nor have you confined your activities 
to the study. By careful collecting in the field you have checked 
your systematics by evidence gathered from the actual occurrence 
of the material. In particular, you have paid attention to the 
Lias Ammonites, rendering possible the correlation of beds so far 
apart as the Dorset coast and the Hebrides; and, by tracing 
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their ontogeny in detail, you have elucidated the phylogeny of 
certain forms. You have also recently published an important 
paper on the Ammonites of the Speeton Clay. 

Your published work has made it clear that you are not in 
agreement with some of the modern developments of evolutionary 
thought; but it is to be hoped that you will not let your com- 
mendable caution prevent constructive ideas on organic evolution 
from ultimately appearing in your systematic work. 


AWARDS FROM THE LYELL GEOLOGICAL FUND. 


The Prestpent then presented the Balance of the Proceeds of 
the Lyell Geological Fund to Mr. Jonn Wiiiiam TurcHEerR and 
to Mr. Huan Hamsuaw Tuomas, addressing them as follows :— 


Mr. TurcHER,— 


A Moiety of the Balance of the Lyell Geological Fund is 
awarded to you in recognition of your work on the Jurassic and 
Rheetic strata of the South-West of England. By studies which 
are characterized by scrupulous accuracy and thoroughness, you 
have gained a high position in the ranks of a distinguished body 
of geologists who have devoted themselves to the interpretation of 
Jurassic history. I would, in particular, mention a paper on Zonal 
Sequences in the Lower Lias published in this Society’s Journal. 
You have not only made valuable contributions to our science as a 
field-geologist, but, by generously placing your experience and skill 
at the disposal of colleagues, you have gained additional recognition 
as an exceptionally successful scientitic photographer. I am told 
that, between the years 1903 and 1920, more than two thousand of 
your photographs of fossils have been reproduced in books and 
contributions to scientific periodicals. 

The call of Natural Science is sometimes heard with greater 
effect by those who devote to the pursuit of knowledge the 
precious intervals of leisure in a business-life than by men who 
are professional geologists. It is an especial pleasure to me to 
hand to you this mark of recognition of your scientific researches, 
and of gratitude for the help which you have always been ready to 
give to your fellow-workers. 
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For the second year in succession a Paleobotanist has been 
selected as the recipient of an award, a decision with which I am 
naturally well pleased, the more so because of our association 
as members of the same University Department and of the same 
College. After publishing an important paper on the foliage 
of Calamites, a paper in which Paleozoic plants were treated not 
as mere petrifactions, but as living organisms absorbing light and 
transpiring water, you spent the greater part of your leisure in the 
collection and investigation of the rich stores of material furnished 
by the Jurassic rocks of Yorkshire. Researches already published 
have won for you an assured position in the botanical world. By 
your intensive study of cuticular membranes, you have been able to 
provide trustworthy data on which to base a natural classification of 
the several types of Cycadean fronds. One of the most interesting 
of the many contributions which you have made to Jurassic Botany 
is the discovery in the famous Gristhorpe Beds of a new genus of 
Gymnosperms, which you named Williamsoniella, represented by 
stems, bisexual flowers, and probably bearing Teniopteris leaves. 
The preliminary accounts which you have given of the most exciting 
of your successes, the discovery in Jurassic shales of fruits filled with 
tightly packed seeds, which appear to demonstrate the existence of 
Angiosperms at a time considerably earlier than that to which they 
are usually assigned, make us look forward with eagerness to the 
publication of a full description of your researches. You have 
raised expectations of results which may help to solve what Darwin 
aptly called that ‘abominable mystery’, the origin and early history 
of the Flowering Plants. 
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 
ALBERT CHartEes SEwarD, Sc.D., F.R.S. 


Brrore pursuing to its later stages the subject selected for my 
Address last year I should like to seize the opportunity of wishing 
my successor in this chair as happy an occupation as I have 
enjoyed. Dr. Evans will do more for the Society than I have done: 
he has a breadth of knowledge which has often awakened in me 
feelings almost of reverence and friendly envy. He will be 
articulate when I, through sheer ignorance, have often been 
silent. 

A President’s peace of mind is, to a considerable extent, in the 
keeping of the Officers ; for his conscience he alone is responsible. 
A President is in an exceptionally favourable position for forming 
a just estimate of the extent and value of services given by his 
colleagues: a Society which is as well served as is ours may 
confidently look forward to the future. It is in no invidious 
sense, as his colleagues well know, that I offer special thanks to 
Mr. Campbell Smith, who has not only watched over me here, but 
has regularly visited me at Cambridge ; he has always been ready 
to undertake work which I ought to have done, and by his 
knowledge of affairs and sanity of judgment he has given me 
confidence that has made a difficult task not only easy, but 
invariably pleasant. I would also express my indebtedness to the 
Fellows as a whole, and particularly to those who have contributed 
biographical sketches of Fellows whom we have lost during the 
year. Prof. Fusakichi Omori, of the Seismological Institute of 
Tokyo, one of our Foreign Correspondents, died in November of 
last year. We miss the familiar presence of Sir Henry Howorth, 
whose researches extended far beyond the boundaries of Geology. 
The tragic death of Sir Henry Hayden in the full vigour of his 
life is a grievous loss to Science, and to a wide circle of friends. 
A Fellow for more than sixty years, Prof. Thomas George Bonney 
died in December in his ninety-first year. Prof. Bonney was 
Secretary of the Society from 1878 to 1884, and President from 
1884 to 1886. He used to speak with pride of the generations of 
students whom he had initiated into the mysteries of Geology: 
our Society is proud to count him among the great ones of those 
who have occupied the President’s chair. He was a scholar in the 
fullest sense; a man of strong convictions and high ideals. His 
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honesty, and perhaps sometimes his prejudices, occasionally got 
the better of his regard for the delicate susceptibilities of others ; 
but those who were privileged to know him as a friend not only 
respected and admired the compass of his learning and his 
virile personality, but felt for him an affectionate regard. His 
erudition and scholarship were beyond the range of many of 
us: his essentially human qualities brought him into close touch 
with us all. 


Joun Baxxot, an Afrikander of Scottish parentage, was one of 
the pioneers of the Rand mining industry and one of the earliest 
to take an interest in the geology of that district. He initiated 
in the local press a controversy on the origin of the gold in the 
*banket’, which has not been settled to this day. Later, he came 
to London, and, as Chairman of the Minerals Separation Company, 
rendered valuable service to the mining world by the commercial 
development of the ‘flotation’ process for the separation of 
complicated sulphide-mineral aggregates and the recovery of the 
more valuable constituents... He had been a Fellow of our Society 


since 1898. (EL. EL 


By the death of THomas Grorar Bonney on December 9th, 
1923, one of the last links with the heroic age of Geology is 
severed. He was born in 1838, when the first edition of Lyell’s 
‘ Principles of Geology ’ was appearing, and during his lifetime he 
witnessed a remarkable advance in the science, in which he him- 
self took no inconsiderable share. 

Prof. Bonney was a man of many parts, geologist, naturalist, 
theologian, journalist, author of many books on divers subjects, 
and, we may venture to add, artist: it would be impossible to give 
an account of his varied career in the short space here available ; 
indeed, in that space it is not easy even to summarize his contribu- 
tions to his favourite science. 

Shortly before his death he published a small book of remini- 
scences, entitled ‘Memories of a Long Life’. From this can be 
gathered some account of his many activities, and a general notice 
of his geological work appeared in the ‘ Geological Magazine’ for 
1901, as one of the articles devoted to ‘ Eminent Living Geolo- 
gists’. The bibliography attached to this memoir covers six pages 
of small type: from this can be gauged the extent of his contribu- 
tions to Geology alone, for no mention is there made of publications 
on other subjects. 


AY te Ay? 
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Prof. Bonney’s geological work may be considered under the 
three headings: original research; teaching; and summarizing 
the conclusions of others. 

Among the earliest of the very long list of his publications 
were several papers dealing with glacial problems and the origin of 
cirques, but he soon turned his attention to Petrology, at first 
chietly to the microscopic structure of the igneous rocks ; while, at 
a later date, he worked largely on the metamorphic groups. 
The results of researches in these two fields, so far as they had 
then been carried, were summarized in Presidential Addresses to 
the Geological Society in 1885 and 1886, while the address to 
Section C of the British Association at Birmingham in 1886 gave 
an admirable account of the microscopic characters of British 
sediments. Among his researches on igneous rocks of the British 
Isles, which covered a very wide field, special mention may 
perhaps be made of the papers dealing with the pre-Cambrian 
rocks of North Wales, the Charnian rocks of Leicestershire, and 
the Lizard complex of Cornwall: throughout his life Prof. Bonney 
was always much interested in serpentine-rocks both at home and 
abroad, and devoted much attention to the characters and origin of 
this group. Onaccount of his proficiency in microscopic petrology, 
many travellers in remote regions entrusted to him for identitfica- 
tion and description the rock-specimens collected by them, and 
altogether the number of now well-known rocks, both British 
and foreign, first described by Prof. Bonney, is very large. 

Two brief addresses delivered by him as President of the 
Mineralogical Society dealt with prevailing tendencies in Mineralogy, 
and emphasized the importance of synthetic methods of research. 

He was always much interested in the subject of coral-reefs, and 
contributed an appendix to a later edition of Darwin’s great work 
on the subject: also, as Chairman of the Coral Reefs Committee 
appointed by the Royal Society, he devoted much time and energy 
to the work of the expeditions sent out to investigate the structure 
of Funafuti, from which valuable results were obtained. 

It is perhaps unfortunate that much of his work on the crystal- 
line schists was done in Switzerland, where the problems are 
peculiarly complex; but he accomplished much where most men 
would have been completely bewildered. He was especially inter- 
ested in the pre-Cambrian rocks, and was one of the first to 
recognize the true age of the complex of the North-West High- 
lands. 

d2 
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Of purely stratigraphical work he published little, but often 
generously gave his results to others, as for instance in the case of 
the Cambridge Greensand. He had, however, a particular affec- 
tion for the Triassic rocks on which he was born, and paid special 
attention to the source of origin of the pebbles of the Bunter 
Series. 

In Physical Geology he was keenly interested in glaciation, and 
always opposed what he regarded as the extreme views of more 
modern glaciologists. His final position in this matter was put 
forward in his Presidential Address to the British Association at 
Sheffield in 1910. 

As a teacher he achieved great success: he always recalled 
with pride the long roll of pupils at Cambridge and in London 
who had passed through his hands, and who in some cases had been 
induced by him to begin the study of the science. He was 
probably the first systematic teacher of Petrology in this country, 
but his lectures covered the whole field of the science. They were 
singularly clear and stimulating ; quite devoid of any embellish- 
ments, yet very easy to follow: those on Paleontology, for instance, 
showed that he knew exactly what the student required. 

His general writings on such subjects as rivers and voleanoes 
attract alike the scientific and the non-scientific reader. 

His love for the Alps was intense: again and again he returned 
to them, in later years usually accompanied by his devoted friend, 
Canon E. Hill. He was interested not only in their geology but 
in everything connected with them, and, as he was no mean climber, 
it was natural that he should be called upon to occupy the Presi- 
dential chair of the Alpine Club. 

It is needless to enumerate the many honours which he received. 
Records of most of them will be found in the article in the 
‘Geological Magazine’ already cited. He served the Society well, 
being a Member of Council for 29 years in all and Secretary for 
four years: he held the Vice-Presidency four separate times and 
was, of course, President (1884-1886). He had been a Fellow of 
our Society since 1860. 

‘ Asin private duty bound’, we would say a few words concerning 
what he did for geology at Cambridge. The results of his teaching 
at his own college of St. John’s are well known, but in his latest 
years he resumed his teaching as an informal Demonstrator at the 
Sedgwick Museum, and this was very highly appreciated by staff 
and students alike. His love for his University was indicated by 
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the gift, during his lifetime, of his magnificent collection of rocks 
and rock-slices to the University. 

Of the man himself we would say something. With his strong 
character he was bound to be a leader in any society of which he 
was amember. Of medium height, his dignified carriage suggested 
a stature greater than he actually possessed. His courtesy of 
manner was very great, and he represented a type of University 
don which is now, alas! rapidly disappearing. He did not suffer 
fools gladly, and on oceasions he was sharp with both tongue and 
pen. ‘This made him enemies, and it is to be feared that he suffered 
more by these defects than did others. His failings were but 
superficial and hid from the casual observer his true nature, which 
was marked by an unselfish and exceeding kindliness, known to 
many and especially to those in trouble. 

A really great man has passed away; and the world, not only the 
world of science, is the poorer by his loss. [J.E. M. & R. H. R.] 


Wrniiam STUKELEY GRESLEY, who died in November last at 
the age of 73, was elected a Fellow of this Society as long ago as 
1877; he was also an Associate-Member of the Institution of 
Civil Engineers and a Member of the Institution of Mining 
Engineers. He acted as consulting mining engineer to several 
collieries in the Midlands, and, besides publishing a ‘ Glossary of 
Terms used in Coal-Mining’ (1883), he contributed several 
articles to the ‘ Colliery Guardian’ on the correlation of the Coal 
Measures. 

Between the years 1885 and 1894 he read six papers before our 
own Society, the best known of which, perhaps, is that on ‘ Cone- 
on-Cone’, published in vol. 1 of the Quarterly Journal. 

His eldest son was killed in the Great War, and he leaves two 
younger sons to mourn his loss. 


By the death of Frepertc Wint1am Harwer on April 11th, 
1928, our science has lost one of the pioneers among the band of 
distinguished amateurs to whom Geology owes so much. Born on 
April 24th, 1835, Harmer came of an old N: orfolk family, and by 
his public services was prominently identified with the City of 
Norwich. In his early years he had only the scanty leisure of a 
strenuous business life to devote to Geology, but the interests 
which he thus formed were a continual incentive to scientific 
work, and proved a comfort after the loss of his wife and in his 


old age. 
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A chance meeting with the younger Searles Wood, on the Mund- 
esley shore in 1864, was the beginning of a firm friendship and of 
a long-continued geological partnership. Together they studied 
the Pliocene deposits, the fauna of which was then being described 
in the Monographs of the Paleontographical Society (‘The Crag 
Mollusca’) by Searles Wood the elder. The Drift deposits also 
engaged their attention, and, between them, the two surveyed 
an area of 2000 square miles, Harmer undertaking the survey of 
Norfolk and Northern Suffolk. Their map, produced on a scale of 
1 inch to the mile, was claimed to be the first ‘drift’ map of the 
kind. Then came the illness and death of the younger Searles 
Wood, in 1884, and Harmer felt the blow so severely that, as he 
was wont to say, he had no heart to continue the work alone. He 
devoted himself, therefore, to municipal duties and to the politics 
of the day, until a sharp disagreement with his party on the 
question of Irish Home Rule caused him to apply his energies 
whole-heartedly to Geology. He then began an intensive study 
of the Tertiary and Quaternary deposits of Kast Anglia and the 
Continent. The preliminary accounts of the work on the Red and 
Coralline Crags, read before the British Association at Ipswich in 
1895, began a new régime in East Anglian geology. A few years 
later some further results of his work were published in our 
Quarterly Journal. His ascription of all the Coralline Crag deposits 
to the same geological age, and the division of the Red Crag 
into horizons which indicate the northward retreat of the Pliocene 
sea, are now generally accepted. Later he turned his attention to 
a comparison of the Pliocene sequence in Britain with that in 
Holland and Belgium. About this time also he studied the wind- 
drift during Crag times; and this led to an interesting discussion 
of the palieo-meteorological conditions during the Pleistocene 
epoch. 

In more recent years Harmer began the heavy task of bringing 
up to date the Monograph of the Crag Mollusca. His intensive 
collecting from the richly fossiliferous deposits at Little Oakley, 
near Harwich, had added much to the material awaiting study 
since the publication of Searles Wood’s third Supplement in 1882. 
To the description of these shells he devoted the last years of his 
life, and the completion of this heavy task (shortly before his 
death) was a source of much satisfaction and relief to him. 

This Monograph completed, he had even further work in view, 
for it was his intention to return to the study of glacial problems. 
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From time to time, while engaged on the description of the Crag 
shells, he published papers on the glacial deposits of the East of 
England, and on the evidence of glacial lakes and cafion-valleys in 
various parts of the country. His last contribution (at present in 
course of publication) is a detailed map showing the types of 
Boulder Clay and the trails of the various erratics throughout 
England. 

Recognition both at home and abroad naturally followed the 
publication of Harmer’s work. He was elected an Honorary 
Member of the Geological Society of Belgium in 1905, and the 
University of Cambridge conferred on him the honorary degree of 
Master of Arts in 1917. He becamea Fellow of our Society in 
1869, served on the Council from 1896 until 1901, and the 
Murchison Medal was awarded to him in 1902. [P. G. H. B.] 


Sir Henry Huserr Haypen, who was born at Londonderry in 
1869, and was Director of the Geological Survey of India from 
1910 to 1920, was killed in the Alps last year. Although the 
precise details of the accident are unknown, it is fairly certain that 
Hayden and his two guides were carried away by a rock-fall or 
avalanche soon after the 12th of August, 1928, on their return 
from a successful ascent of the Finsteraarhorn. Their bodies were 
found on the western face of the mountain on August 28th, and 
Hayden was buried at Lauterbrunnen on September Ist. 

Those who had the great privilege of knowing him with real 
intimacy realize that, if Hayden had been able to choose the way of 
ending his career, it would have been on a mountain-side, in some 
fight against physical difficulties and in an attempt to save the life 
of a companion. 

A complex of qualities such as those which endeared him to 
friends in many unlike types of society is rarely found so success- 
fully blended in one individual. As an undergraduate, his most 
obvious bent was in a classical direction; but, after taking his first 
degree at Trinity College, Dublin, he remained at the University 
to take another degree in engineering, and only afterwards turned 
his full attention to Geology. 

He joined the Geological Survey of India on January 38rd, 1895, 
and, during the 25 years’ service that followed, his activities justified 
the breadth of his early training; for he touched most of the 
recognized boundaries of his adopted subject. His first paper 
dealt with the microscopic features of some igneous rocks, and, 
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after two or three years of miscellaneous work, mainly minera- 
logical and economie, he found his real opportunity as a mountaineer 
in the survey of the stratigraphical formations of Spiti in the 
North-Western Himalaya. Later stratigraphical work of a similar 
nature in Afghanistan and on the North-West Frontier, in Eastern 
Tibet and Kashmir, was interrupted occasionally by curious diffi- 
culties which involved questions in physical geography and the 
application of geology to problems of civil engineering. 

Hayden’s papers on all these branches have appealed to specialists 
in each as the products of a worker who manifestly had mastered 
the principles, and had dug deeply into the literature of his subject ; 
but his stratigraphical work in the Himalayan region stands out 
as that which must have the widest influence on students of 
geomorphology. 

His first important memoir on this subject was a descriptive 
account of Spitiand Bashahr. In this essay he was hampered by 
the tendency then prevailing to apply the nomenclature of the 
Juropean standard scale directly to Indian formations. The next 
most important instalment towards the solution of Himalayan 
problems was his memoir on Central Tibet, when he proved the 
eastward continuation, along the northern face of the snow-covered 
range, of the great marine basin already known in Spiti and 
Kumaon. In 1907-1908, Hayden, in collaboration with Sir 
S. G. Burrard, published what the two authors modestly called 
a ‘Sketch of the Geography & Geology of the Himalaya 
Mountains & Tibet.’ The aim of this work was ‘popular’, and 
its clear descriptions, assisted by abundant illustrations, justify the 
term; but, asa discussion of the great variety of questions involved, 
with its numerous references to literature, and the inclusion of 
results not separately published, this memoir forms an important 
contribution to scientific literature. In it Hayden revealed the 
tendency of the Geological Survey to revert to the more cautious, 
more scientific, policy followed by Thomas Oldham, H. B. Med- 
licott, and the early workers who brought order into Indian Geo- 
logy, to use local names for natural groups of strata, putting 
into its correct position of subordination the problem of correla- 
tion with European formations and of translation into terms of 
the standard scale of nomenclature. 

Later, in Afghanistan, he added a third instalment to the data 
necessary to form a connected history of the evolution of physical 
geography in this remarkable region. 
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In the absence of sufficient data, Suess and Fiitterer had 
attempted to piece together the isolated facts regarding the tangled 
orographical knot forming the North-West Himalayan region by 
assuming the existence of anomalous trend-lines for the junction 
between the Himalayan and Iranian ares. On this point Hayden 
remained always sceptical; but it was not until early in 1914, 
when long furlough from the Indian official service was due, that 
he found an opportunity of exploring Central Asia, in the hope 
of correlating his work in Afghanistan with that accomplished in 
Kashmir and the Himalaya. His results, which are recorded in a 
highly condensed paper in the Records of the Geological Survey 
of India (vol. xlv, pt. 4, 1915), showed that the general strike of 
the rock-folds and the trend of the dominant orographical features 
coincided, forming a curve parallel to that of the great re- 
entrant bay of the Himalayan foot between the meridians of 
70° and 77°. There is little doubt that this paper will be regarded 
by students of geomorphology as the most important of Hayden’s 
contributions to geological literature. 

At the end of his tramp through Central Asia, Hayden found, 
on entering Europe, that the Great War had commenced, and his 
intention of emerging by way of Constantinople had to be changed 
hurriedly into the longer journey across Russia and, by way of 
Sweden, home. 

In the following year the Geological Society (of which he had 
been a Fellow since 1900) awarded to Hayden the Bigsby Medal, 
and the Royal Society elected hima Fellow; while, on his return to 
India, the Calcutta University conferred upon him the honorary 
degree of D.Sc. In 1911 his official services were recognized by 
the conferment of the C.I.E., and in 1919 he received the senior 
order of C.S.I. In June 1920, on the day of his embarkation at 
Bombay, preparatory to retirement from the service, his knighthood 
was gazetted. 

His death last year at the age of 54 came asa shock to more 
friends than any single one of them can enumerate ; for his acts of 
generosity extended to many beyond the community of science. 
No one knew more than a fraction of them; he kept no receipts: 
as in his scientific work, each act of kindness was quickly super- 


seded by the next and was apparently forgotten. (oye Leg ey| 


The Honourable Sir Wint1am Hersert Heretes, K.C.M.G., 
who was elected a Fellow in 1885, was born in London on 
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April 19th, 1859, and died at Wellington (New Zealand) on 
February 22nd, 1923. He was educated at Eton, where he won 
the School prize for Geology, and at Trinity College, Cambridge, 
where he took honours in Natural Science. A few months after 
taking his degree, he left England for New Zealand, and started 
farming in the North Island. After making his mark in local 
affairs, he was in 1896 asked to stand for Parliament. He was 
returned and continued to sit until his death, having been 
re-elected on eight oceasions. His constituency included the 
celebrated ‘Hot Lake’ district with all its natural wonders. 
During the long period of Liberal ascendancy, marked by the 
premierships of the late Mr. Seddon and Sir Joseph Ward, he was 
one of the most prominent members of the Opposition, and, when 
the turn of his party at last came in 1912, he became Minister of 
Railways & of Native Affairs under Mr. Massey. He remained 
a member of the Government up to the time of his death, though, 
owing to the state of his health, he resigned his portfolios in 1921, 
when he paid a visit to England. He was perhaps the most 
popular man in New Zealand: for, although he was a keen fighter, 
he never made an enemy, and was trusted alike by his supporters 
and his opponents. His love of sport also commended him to the 
New Zealand people. He was especially beloved by the native 
race, and, when the Prince of Wales visited New Zealand in 1920, 
Herries was responsible, as Minister, for collecting some five 
thousand Maoris to give the Prince a weleome at the native 
centre of Rotorua. In that year he was made a K.C.M.G. 
Herries was interested in Geology from early boyhood. Going 
every summer to Yorkshire, he and his brother made a large 
collection of fossils from the Speeton Clay to the Lias, working 
on the latter with the then newly published monograph by ‘late 
and Blake. Before he left England his home was at Frimley in 
Surrey, and he had the opportunity, with his friend Mr. H. W. 
Monckton, of examining two newly opened railway-lines, one from 
Brookwood to Aldershot, and the other from Frimley to Ascot. 
He found a large number of fossils in the Upper Bagshot (Barton) 
Beds, previously supposed to be practically barren, and established 
a new locality for the fossiliferous beds of the Middle Bagshot 
(Bracklesham). He embodied the results of his work in a paper 
in the ‘ Geological Magazine’ for 1881, and, although this was the 
only paper that he ever wrote, it was the forerunner of a consider- 
able amount of literature concerning the Bagshot Beds, to which 
Mr. Monckton, Mr. J. Starkie Gardner, the late Dr. A. Irving, 
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and others contributed. He had little opportunity of working 
at geology in New Zealand, but he never lost his interest in the 
science ; and, on his rare visits to England, he would spend much 
of his time working at his Yorkshire collections, more especially 
on the Liassic belemnites. It may be added that he was fortunate 
enough to have seen the famous Pink and White Terraces of Lake 
Rotomahana, which were destroyed in 1886, and wrote home a most 
interesting description of them, as he also did of the eruption 
of Mount Tarawera which caused their destruction. [R.S. H.] 
Reetyanp Wanrer Hoorey, who died on May 5th, 1925, 
aged 57, was elected a Fellow of our Society in 1904, While 
engaged in business in Winchester and taking a prominent part in 
the public life of the city, he devoted his remaining leisure to the 
study of the geology of the Isle of Wight and to the collection of 
fossil reptiles and fishes from the Wealden cliffs between Brook 
and Athertield. In the small museum which he built adjoining 
his house at Winchester he prepared his specimens with great 
skill and patience, and at the same time studied them with 
scientific thoroughness. He acquired an excellent knowledge of 
the osteology of reptiles, and made himself so well acquainted with 
the Mesozoic reptiles that he was able to interpret and describe 
his Wealden specimens and make them available for science. He 
described new Wealden Chelonia in the ‘ Geological Magazine’ in 
1897 and 1900; and he contributed his first paper to the Geolo- 
gical Society in 1907, when he gave an account of a unique 
specimen of the marsh-crocodile Goniopholis, which added much 
to our knowledge. He next described a nearly complete specimen 
of the pterodactyl Ornithodesmus, in a paper which was published 
in our Quarterly Journal in 1913. At the time of his death he 
had just completed a well illustrated account of a nearly complete 
skeleton of Jywanodon—in some respects the finest known—which 
was read to the Society posthumously in November last, and will 
shortly appear in the Quarterly Journal. The specimens of 
Goniopholis and Ornithodesmus are already in the British 
Museum, and it is gratifying to know that the rest of the colleetion 
will soon be added to them. Mr. Hooley was also much interested 
in flint implements and other remains of early Man, and in 1922 
he contributed an important paper on the old Solent river and sea 
to the Proceedings of the Hampshire Field Club. His untimely 
death is a great loss to geological science, and is mourned by a 
large circle of devoted friends. [Acsa Wil 
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In the death of Sir Henry Hoyre Howorrn, K.C.I.E., the 
Society has lost one of its oldest members—a typical Victorian, 
who was prominent at our meetings, not so much for his original 


communications as for his acute criticisms in debate—mostly just, 
always good-humoured, and generally based on a wide knowledge. 
He will long be remembered by geologists for his opposition to 
the glacial theory, in which he indicated the weak points with 
forensic skill and with an extraordinary facility of language. At 
the end of his life he was engaged in bringing out a second 
edition of his book ‘The Mammoth & the Flood’. He also main- 
tained his belief in the old theory of a deluge that overwhelmed 
Euro-Asia suddenly, and to which he attributed the presumed 
glacial phenomena. He was critical rather than original, but 
never failed to throw light on his subject from various and un- 
expected sources. With him Geology was only secondary to the 
many other branches of knowledge to which his life was devoted. 
Howorth was born at Lisbon in 1842,—his father belonging to 
an old Lancashire family—and he was educated at Rossall School, 
where the writer remembers him as a boy with a love of reading 
almost everything that was not in the curriculum, and devoid of 
any interest in games. Afterwards he studied law, and was called 
to the Bar by the Inner Temple in 1867, but he never took his 
profession seriously, and was often wont to congratulate himself 
on having had only one client! His interests lay in other direc- 
tions, and it was natural that his active mind should be attracted 
by politics. In 1886 he was elected to Parliament as Conservative 
member for South Salford—a seat which he held for fourteen 
years. He took his share in the business of the House, and was 
extremely useful in keeping the Members awake by his jeux 
@esprit during the all-night sittings at the time of the Parnell 
controversy. His political opinions, however, were mainly ex- 
pressed in a series of letters to the ‘Times’ on current topics, in 
which he showed that he was no mere party-man. His heart, 
however, was not in politics any more than in law, and his main 
attention was given to matters historical, archeological, and 
scientific. In 1892 he received the K.C.I.E. for his contributions 
to the history and ethnography of Asia, and in the following year 
he was chosen Fellow of the Royal Society in recognition of his 
work. He was honorary D.C.L. of Durham University, and was 
appointed Trustee of the British Museum in 1899. He belonged 
to most of the scientific and literary societies in London, and died 


part 2] ANNIVERSARY ADDRESS OF THE PRESIDENT. lix 


as President of the Royal Archzological Institute. He had joined 
the Geological Society in 1891. 

His numerous contributions to science and literature began in 
1868 with a paper read before the British Association, and they 
reached a total of more than one hundred, published in various 
journals. He also wrote in the Quarterly and Edinburgh Reviews. 
His books are many. ‘The History of the Mongols from the 
9th to the 19th Century’ extends to four volumes, and is a sur- 
prising work on a difficult subject, involving the study of Russian, 
Persian, and Indian documents, as well as French and German. 
It is the only standard work now accessible to ordinary students. 
He also wrote a scholarly book on Gregory the Great, and followed 
it up by a companion volume on ‘ Augustine the Missionary’, in 
which he dealt with St. Gregory’s Mission to England, and later 
earried the story on in a third volume entitled ‘The Golden Days 
of the Early English Church’. His chief geological books were 
‘The Mammoth & the Flood’, ‘The Glacial Nightmare & the 
Flood’, and ‘Ice & Water’. His energy was as striking as his 
versatility, and he lived a full life——happy in his family and in 


his innumerable friends. PWeeBa Dal 


WittmMm Joun Le Lacnevr, M.A., was elected a Fellow of 
this Society in 1899. He entered Trinity College, Cambridge, 
and in 1898 graduated, taking Geology in Part II of the Natural 
Sciences Tripos in the following year. 

After leaving Cambridge he adopted a business career, but his 
love of Geology led him to spend such leisure as was his in the 
pursuit of the science. 

He had learned much of the geology of Costa Rica, and in later 
years was greatly interested in the problems connected with river- 
drainage, especially among the Chalk Downs and in Wales. He 
freely imparted his knowledge to others, and the results of his 
scientific work will not be altogether lost. He took many 
admirable photographs, illustrative of his geological work. 

Le Lacheur had a keen sense of humour and great personal 
charm, which endeared him to a host of friends. Had he lived, he 
would undoubtedly have done much more geological work of value, 
and he set an example to others, showing that scientific work 3 
not incompatible with arduous business pursuits. 

He died on May 2nd, 1923. [J. EH. M.] 
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Fusaxrcut Omort was born in 1868; he died on November Sth, 
1923, after having occupied the Chair of Seismology in the 
Imperial University of Tokyo for twenty-seven years. Dr. Charles 
Davison, in an appreciative notice of his Japanese colleague, writes: 
‘Few students in any branch of earth-physics have worked 
harder than Omori, and not many to better purpose.... He was 
one of the most kindly. modest, and upright of men, courteous 
with that courtesy that we now call old-fashioned.’ Omori’s first 
important contribution, published in 1894, contains a statement of 
his well-known law relating to the decline in frequency of the 
after-shocks of earthquakes. He made a large number of personal 
observations in different regions of the world where destructive 
earthquakes have occurred, and played a leading part in advancing 
the science of Seismology. Unfortunately, he did not live long 
enough to contribute an account of the most destructive earth- 
quake of modern times. He had been elected a Foreign Corre- 
spondent of our Society in 1912. 


JosEpH Wrianut, well known as an authority on recent and 
fossil foraminifera, died at his residence in Belfast on April 7th, 
1923, at the advanced age of 89 years. He had been elected a 
Fellow of the Geological Society in 1866, and his patient researches 
were honoured by the award of the Barlow-Jameson Fund in 1896. 
His parents were members of the Society of Friends, and his early 
upbringing in the tolerant outlook prevalent in such families in 
Cork brought him a welcome from all sections of the community 
on his removal to business in Belfast at the age of 34. He had 
already gathered a fine collection of Carboniferous fossils, now in 
‘the British Museum, and in Northern Ireland he devoted himself 
to the study of foraminifera, mounting and cataloguing his 
material with exquisite care, so. that others who came after him 
should find it available for their work. This extensive series of 
preparations is preserved in the National Museum in Dublin. 
His daylight-time was mostly at the command of others; but, on 
oceasional holidays, he made himself thoroughly acquainted with 
the geology of the country round Belfast, and he was able to join 
in dredging expeditions off the Atlantic coast organized by the 
Royal Irish Academy. His accurate observations and their wide 
range brought him correspondence from all parts of the world, and 
it would have surprised many of his scientific colleagues on the 
continent of Europe to find, had they visited him in Belfast, 
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that he was not attached to a learned institution, but spent the 
greater part of his active life as foreman to a business firm. He 
was a constant supporter of the Belfast Naturalists’ Field Club 
and of the Belfast Natural History & Philosophical Society. 
His published work includes papers on foraminifera found in the 
Chalk and in the northern boulder-clays, and his success in 
separating delicate specimens from the latter deposits in localities 
far above the present sea-level made him a persistent advocate of 
the theory of Pleistocene submergence as against that of glacial 
uplift. To visit Wright on an evening in his own home, when he 
was settling down to the work that he loved, among his books 
and specimens, was a lesson in largeness of heart and a stimulus 
to research that will not readily pass away. Loma ad «C4 


THE LATER RECORDS OF PLANT-LIFE. 
Upper Devonian Floras. 


A year ago I endeavoured to sketch the salient features of the 
earliest records of Plant-life, from the problematical remains in 
pre-Cambrian rocks through the older Paleozoic periods to the 
vegetation of Middle Devonian swamps. The contrast between 
the Lower and Middle Devonian floras was emphasized, and 
attention was drawn to the much richer and more definitely 
terrestrial Upper Devonian floras. 

It is no new experience to realize the impossibility of completing 
a self-imposed task, or to find that performance lags behind 
intention. The complete fulfilment of my too ambitious project 
must be postponed to another season and to another method of 
presentation. 

To-day my aim is to deal with some of the problems, suggested 
by a comparative study of fossil floras, which are more especially 
connected with geographical distribution, climates of the past, and 
evolution. A useful purpose will have been served if, by premature 
expression of opinion based on incomplete data, attention is directed 
to the need for fuller information and to the importance of taking 
stock of such knowledge as we already possess. 

Before proceeding to describe the more obvious characteristics 
of the later Paleozoic floras, I propose to interealate a brief account 
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of two contributions to our knowledge of the Middle Devonian 
flora of Scotland. Reference was made in the review of the older 
Devonian floras to a plant discovered by Hugh Miller near Cromarty, 
and afterwards named by W. R. McNab Paleopitys Milleri. VU 
was stated that the original specimen was being investigated by 
Dr. R. Kidston & Prof. W. H. Lang: the results of their work 
have now been published. The type-specimen consists of a piece 
of stem with a badly-preserved solid primary axis of tracheids, 
pitted on all their walls, surrounded by a woody cylinder slightly 
more than 2 cm. in diameter, composed of radially disposed tracheids 
with multiseriate pits and medullary rays. Of the appendages of 
the stem we know nothing. Palgopitys proves the existence in a 
Middle Devonian flora of a plant having the power of secondary 
growth in thickness; but the anatomical features now revealed 
show that it differs from all known examples of the higher 
Gymnosperms. We have no proof ‘that it bore seeds; it may, as 
the authors suggest, bea member of some archaic group of Gymno- 
sperms or, possibly, its atlinity may be to the group Pteridophyta. 
Another addition to the list of Middle Old Red Sandstone 
plants, for which we are indebted to the same authors, is Hichlingia 
Edwardi. The type-specimen consists of numerous linear, forked 
axes diverging from an obscure basal region: the swollen tips of 
several branches are interpreted as terminal sporangia. In the 
presence of a slender axial strand and in the absence of leaves, 
Hicklingia agrees with the genera Rhynia and Hornea previously 
described. It may be an Alga, or possibly a simple form of 
Pteridophyte. The probability is that it was either a water-plant, 
or one which had not become completely adapted to life on land. 


The vegetation of the Upper Devonian Period persisted without 
any drastic change into the succeeding Carboniferous Period. 
In some parts of the world geologists have experienced considerable 
difficulty, when a few fossil plants are the only available records, 
in strictly delimiting one period from the other. Instances of the 
absence of a well-defined dividing line are afforded by certain strata 
in Australia. Similarly, in South Africa, there are sedimentary 
rocks attaining a very great thickness, in which imperfect plant- 
remains have been discovered that cannot be allocated to a precise 
geological horizon. One fact stands out clearly: in Devono- 
Carboniferous days—by this I mean Upper Devonian and Lower 
Carboniferous days—certain genera flourished well within the 
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Arctic Circle and in the southern part of the ereat Gondwana 
continent. Palobotanical evidence points to the existence of a 
far-flung vegetation of a fairly uniform facies. Arch@opteris, 
those fern-like fronds which were probably not fronds of true 
Ferns, as we have already seen occurs as far north as lat. 80° N. and 
is recorded also from many European localities and Australia. 
When we pass to the Upper Carboniferous Period a different state 
of affairs is revealed. 

It is not my intention to describe in detail the vegetation which 
flourished during the later stages of the Devonian Period ; my aim 
is to follow the main lines of development of the terrestrial 
succession and to draw attention to some of the problems that are 
presented by a comparative survey of the more prominent facts. 
Special consideration will be given to geographical distribution in 
its wider aspects, including Paleoclimatology, and account will be 
taken of some of the many disturbing considerations which 
contront the student of Evolution. 

Associated with the well-marked differences between the older 
Devonian floras and those preserved in Upper Devonian rocks, we 
can recognize some connecting links. The Lepidodendroid plants, 
to which reference was made last year, from South America, Africa, 
Australia, and elsewhere are represented in the later Palzozoic 
floras by Cyclostigma, Lepidodendron, and allied genera. The 
large Sphenopteroid fronds from Bear Island, Belgium, and other 
parts of Europe are doubtless direct descendants of older Devonian 
forms. As the branched shoot-system became more attuned to 
life on land, a clearer distinction was introduced between axis and 
leaflet. While some of the differences between the earlier and the 
later Devonian types may be the expression of progressive evolution 
tending towards a fuller division of labour in tissues and members, 
it is probable that the contrast is, in large measure, the result of 
a changed environment. The swamp flora of the Lower and 
Middle Devonian stages was gradually transformed into!a flora 
that was more completely terrestrial. As continental conditions 
became established the fashion of the vegetation changed, and the: 
way was clear for the development of the still richer flora of 
the early days of the Carboniferous Period, which was destined to. 
be surpassed in luxuriance and variety by the successive floras of 
the Coal Age. 


Archeopteris is represented by numerous specimens of handsome,. 
VOL. LXXX. e 
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bipinnate fronds bearing entire or deeply dissected cuneate leaflets. 
It is a remarkable fact that fronds of this genus from Ellesmere 
Land and Bear Island are at least as large as those obtained from 
the South of Ireland and other European localities. 

We know more of Upper Devonian plants from the Northern 
Hemisphere than of those from the South; but there are no 
grounds for assuming any essential differences in the broader 
features of the vegetation throughout the Devono-Carboniferous 
world. The barrenness of the thick sedimentary series in South 
Africa below the oldest Glossopteris Beds and the Dwyka tillite 
precludes any accurate chronological estimate; but, if I may for 
a moment intrude into the domain of the Paleozoologist, the 
meagre evidence of fragmentary plants receives some confirmation 
from the remains of an Kurypterid. Dr. David White described 
some incomplete fossils from the coal-bearing rocks of Brazil under 
the generic name Hastimima: he suggested that they might be 
the remains of an animal, and applied to ‘eminent American 
specialists in Vertebrate Paleontology’, who were unwilling, how- 
ever, to accept responsibility. Subsequently I recognized Hasti- 
muma in a collection of fossils from the Witteberg Series of Cape 
Colony and, believing it to be a segment of some Eurypterid, I 
submitted the material to the late Dr. Henry Woodward, who 
confirmed my guess and compared both the Brazilian and the 
African fossils with KHurypterus hibernicus from the Kiltorcan 
Grits of Ireland. 


The occurrence of the relics of a luxuriant vegetation in the 
Upper Devonian rocks of the snow-covered cliffs of Bear Island, 
slightly south of lat. 75° N., merits especial attention. Oswald 
Heer, the pioneer historian of Arctic fossil floras, first recognized 
a close correspondence between the Bear Island plants and those 
from the South of Ireland. He assigned both floras to a position 
intermediate between the Devonian and Carboniferous Periods. 
Guided by a fuller knowledge, Prof. A. G. Nathorst classed both 
series of beds as Upper Devonian and made many additions to our 
knowledge of this Arctic flora. A few of the genera call for a 
passing notice: fronds of Archeopteris reach a length of 60 em.; 
Pseudobornia, a genus in which are combined features shared by 
the later Calamites and the Sphenophylls, is represented by stout 
stems bearing whorls of fimbriate leaves; there are large dicho- 
tomously branched fronds of Sphenopteridium Keilhaui, recorded 
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also from Ellesmere Land, with feebly developed leaflets—fern-like 
in habit, though probably not a Fern. There were stems of no 
mean girth bearing broad decurrent leaf-bases, superficially at least 
resembling some of the Permo-Carboniferous Medullosee; the 
genus Cephalopteris, originally named Cephalotheca, founded on 
peculiar fertile fronds of doubtful affinity, was compared by Nathorst 
with existing Marattiaceous Ferns, though it is more probably a 
member of some wholly extinct group. It is convenient to include 
many of the Paleozoic fern-like fronds which cannot be assigned to 
a definite position under the non-committal name Pterophylls, 
-a term originally proposed by R. Zeiller, and afterwards inde- 
pendently suggested by Nathorst. The venerable Lycopod phylum, 
which claimed attention last year, was prominent in the Bear 
Island vegetation; Cyclostigma (Bothrodendron) kiltorkense, a 
species founded on specimens from the Kiltorcan Series, is repre- 
‘sented by a wealth of material, consisting for the most part of 
dichotomously branched stems and foliage-shoots with occasional 
Stigmaria-like rhizomes. Closely allied or possibly identical species 
occur in Upper Devonian beds of North America and Germany, 
-and an imperfect specimen in the Jermyn Street Museum from 
the Marwood Beds near Ilfracombe may belong to the same 
genus. Stems of precisely similar habit, though difficult to 
determine with accuracy because of the bad state of preservation, 
-are recorded from Devonian and Lower Carboniferous strata in 
South Africa and Australia. 

The plant-beds of the more northerly Spitsbergen Archipelago, 
though exceptionally rich in the remains of a Lower Carboniferous 
flora, are poor in Upper Devonian species. One Spitsbergen plant, 
which has not been found in Bear Island, is Psygmophyllum 
Williamsont, founded on a large wedge-shaped leaf with numerous 
‘spreading veins. The generic name Psygmophyllum, instituted 
‘for Permo-Carboniferous specimens, is applied to cuneate leaves, 
either entire or deeply lobed, usually much larger than the leaflets 
of Archeopteris, though in some forms there is little to choose 
between them, and agreeing in the shape of the lamina with the 
leaves of that ‘living fossil’ Ginkgo biloba. It is tempting to 

follow some authors who regard Psygmophylium as a remote 
ancestor of the Maidenhair tree; but we have no knowledge of 
‘the botanical affinity of this ancient type, which was already in 
-existence in the latter stage of the Middle Devonian Period. There 
is no justification for interpreting the partial similarity to Gén/go 


-as an indication of relationship. 
e2 
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From Ellesmere Land (approximately lat. 80° N.), Nathorst 
has described many exceptionally well-developed fronds of Arch@o- 
pteris, also a few other Upper Devonian plants, including pieces of 
bark referred to the genus Dictyodendyon, belonging to a tree 
about 2 feet in diameter, which I am inclined to think may 
be closely allied to the giant Lycopodiaceous trees described by 
Dr. J. M. Clarke from the Catskill Mountains. It is noteworthy 
that some of the Ellesmere Land Archeopteris fronds are specific- 
ally identical with forms from the Donetz Basin in Southern 
Russia, and the specimens from the high Arctic region are larger 
than those from the more southern locality. 


Additions to our knowledge of the Upper Devonian flora of’ 
County Kilkenny and County Cork in Ireland have recently been: 
made by Prof. T. Johnson of Dublin. A few Upper Devonian, 
plants have been described by M. E. Bureau from the Loire Basin 
in France, including specimens which he refers to the Bear Island 
Cephalopteris. Many plants of the Bear Island flora are repre- 
sented in Upper Devonian beds in Belgium, and it is a pleasure to 
note that Prof. A. Gilkinet of Liége has recently returned, after: 
many years, to a field of work with which his name will always be 
associated. From Canada, the Eastern United States, and Germany 
records of a similar type of vegetation have been investigated by 
several paleobotanists. From English rocks only a few frag-. 
mentary remains have so far been recorded, some of which were 
described by the late Dr. HE. A. Newell Arber. A specimen of’ 
Archeopteris from Berwickshire, now in the Edinburgh Museum, 
and figured long ago by Hugh Milley, is evidence of the existence- 
of at least one of the later Devonian types in Southern Scotland. 

Sir William Dawson, many years ago, described a petrified piece 
of stem from the Upper Devonian of the State of New York as 
Asteropteris noveboracensis, and Prof. Paul Bertrand of Lille: 
subsequently published a full account of the type-specimen. 
Asteropteris is one of the oldest Ferns: the conducting tissue,. 
as seen in transverse section, forms an irregular stellate cluster 
with widely spreading and slender arms radiating from the centre,. 
a plan of construction more elaborate than might be expected in 
a primitive type. A similar arrangement of the vascular tissue 
occurs in the Permian Asterochlena of Central Europe, a genus. 
distinct from Asteropteris but a member of the same family, the- 
Zygopteridee. We know very little of the habit of the fronds. 
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Another member of the same unfamiliar family of Ferns, 
Clepsydropsis, was vecorded a few years ago by Mrs. T. G. B. 
‘Osborn from New South Wales, and more recently Prof. Sahni 
has described a specimen, from a different locality in that State, 
which seems to belong to the same type: the age of the Australian 
rocks is either Upper Devonian or Lower Carboniferous. From 
Upper Devonian and Lower and Upper Carboniferous rocks many 
beautifully preserved pieces of stems and leaf-stalks, with occa- 
sional sporangia, have been described as relics of plants included 
in the Zygopteridex, the extinet family of Ferns to which Astero- 
pteris and Clepsydropsis are assigned. Unfortunately, though 
we know much of their anatomical structure, it has not been 
possible to connect any leaf-impressions with the stems and 
petioles. The Zygopteride are classed as Ferns: certain features 
in their anatomy and in such sporangia as are known suggest 
comparison with recent genera. There is, however, a wide gap 
between the oldest-known Ferns and those of the present day, 
also, one may add, between the great majority of Paleozoic Ferns 
and the essentially modern type which flourished through suc- 
cessive stages of the Mesozoic Era. Our knowledge of the older 
Paleozoic genera has in recent years been substantially increased 
by the researches of many paleobotanists, among whom I] would 
mention Prof. Paul Bertrand and Prof. W. 'T. Gordon. 


The occurrence of plants in the later Devonian floras, with 
arborescent stems resembling in the structure of their secondary 
wood Araucarian Conifers, is clearly established. A briet account 
of Paleopitys Milleri, of Middle Devonian age, has already been 
given: it is a species of obscure affinity, and in certain respects 
inferior in its construction to some more robust and highly 
organized Gymnosperms from both Middle and Upper Devonian 
localities. One of the oldest Gymnospermous stems of the higher 
type is Oallixylon Marshii, described in 1922 by C. J. Hylander 
from the Middle Devonian rocks of the State of New York. From 
beds in Ohio, which are probably Upper Devonian in age, D. 12% 
Penhallow described another species of the same genus, and Elkins & 
Wieland recorded an example of Callixylon from Upper Devonian 
strata of Indiana. M.D. Zalessky also described a species from the 
Donetz Basin of Russia. Though we know nothing of the foliage 
of these trees, our wonder is stimulated by the complexity of their 
anatomy and the astonishing similarity in structural details to 
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some living Conifers. The genus Callixylon is the oldest-knowy 
representative of the family Pityez, which includes genera pos- 
sessing Araucarian features in the woody cylinder, associated with 
certain peculiar characters which distinguish them from all living 
Gymnosperms. The massive trunk of another genus (P7tys) of 
the Pityew is a conspicuous object in the grounds of the Natural 
History Museum at South Kensington. Such facts as are avail- 
able point to a high level of vascular construction; a detailed 
comparison of the elements of the wood of these Devonian trees 
with those of recent Conifers reveals a wonderfully close corre- 
spondence, despite a separation in time amounting to several 
hundred million years. 

As an example of another type of Upper Devonian woody stem, 
differing more widely in the complexity of its tissues from existing, 
plants, reference may be made to the genus Cladoaylon from beds: 
probably of Upper Devonian age in Thuringia, and recently recorded 
from Lower Carboniferous rocks in Scotland. ‘This and other 
genera included in the family Cladoxylew have been compared both 
with Ferns and with Pteridosperms ; they may, however, well be- 
regarded as offshoots of a blindly ending line of evolution in which 
complexity outran efficiency. There were many plants in the: 
Devono-Carboniferous floras exhibiting a wide range in stem- 
structure within the limits of a plan that was soon to be discarded ; 
the diversity in detail may be regarded as attempts on the part 
of a short-lived race to superimpose upon an unsuitable primary 
structure the capacity to develop a continuously enlarging mass of 
secondary conducting tissue. Effort to convert a slender herba- 
ceous stem into a woody column in which the girth is regularly 
increased is one of the tendencies of which recurrent manifestations: 
are seen in many Palzozoic types. 

Architecture has been defined as the art of building suitably with: 
suitable material: the material used by plants became stereotyped 
in the earliest periods of which we have records that can be read ; 
but it is the unconscious effort to use the material economically 
and efficiently of which we have many glimpses in the diversity of 
anatomical construction revealed by the older fossil plants. Some 
stems with a single axial strand of conducting tissue solved the 
problem of acquiring the habit of trees, while others failed to attain 
stability because of mechanical obstacles created by the additiom 
of secondary wood to independent conducting strands that could! 
not expand without mutual interference. It is by trial and error, 
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by the substitution of a relatively simple type of organization for 
the inconveniently complex that evolution has progressed. Reduc- 
tion and simplification have played a much greater part than is 
generally admitted, and one of the impressions left after reviewing 
the late Palwozoie types is that many elaborately constructed 
plants which failed to attain the attributes that make for survival 
furnished, during their comparatively brief career, conspicuous 
examples of the capacity of plastie organs to vary within certain 
limits without being able to produce descendants endowed with 
the ability to persist. There were others in which progress was 
assured by the nature of the primary architectural scheme, and 
in these increase in size was compararatively easy and rapid. 
Their fate was not extinction, but reduction in size and the loss 
of the arborescent habit. 


A comparison of Upper Devonian floras shows no indication of 
any botanical provinces or of differences in -the vegetation of 
widely separated regions beyond differences that are relatively 
unimportant. The plants of Ellesmere Land and Bear Island 
were at least as vigorous as those of Central and Southern Europe. 
If we assume, as we seem compelled to assume, that the Earth’s 
axis has not substantially altered its position since the Paleozoic 
Kra, we must remember that in the Devonian Period, as to-day, 
the Arctic vegetation endured a long annual interval of quiescence. 
Have we any reason for supposing that the close resemblance 
between the plants of Ellesmere Land and Bear Island on the 
one hand, and those of the same age in North America, the South 
of Ireland, Belgium, Germany, and the Donetz Basin of Southern 

tussia on the other hand, is inconsistent with the assumption that 
in polar regions the vegetation experienced an alternation of con- 
tinuous sunshine and a prolonged sunless period; while that of 
more southern latitudes flourished under conditions comparable 
with those prevalent in Central Europe to-day ? 

Our present standards are chiefly based on a comparative study 
of the Flowering Plants: it is on them that we see most distinctly 
the impress of external factors. The prostrate Willows and the 
trailing stems of the dwarf Birch on the slopes of the Greenland 
plateau bear eloquent testimony to the stress of circumstances : 
in habit, in girth, and in structure they offer a striking contrast. 
to their Devonian predecessors with which, despite the absence 
of direct relationship, they may be compared ecologically. It is 
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conceivable that on a large continental area of comparatively 
low elevation the vegetation on the polar edge would not differ 
sufficiently from that in the southern regions of the same con- 
tinent to enable us to detect in the form and fashion of the waits 
and strays of the forests characters attributable to the influence of 
an Arctic climate. A long winter’s rest is in itself not an insuper- 
able dificulty: more open communication by currents between 
the polar land and warmer seas in the south, the absence of the 
withering winds which, by robbing a plant of water when the low 
temperature of the soil puts the roots out of action, would, it may 
be suggested, be sufficient to produce the required transformation. 

It has often been asserted that the presence of red rocks in the 
continental Devonian areas is evidence of an arid climate. ‘The 
late Prof. J. Barrell pointed out that red muds are carried by 
the waters of the Amazon and Congo which flow through tropical 
forests; he maintained that the Upper Devonian plants do not 
indicate arid conditions, but a climate in which seasonal rainfall 
alternated with partial aridity. Such morphological facts as we 
have do not warrant the assumption of desert conditions. We have 
practically no knowledge of the anatomical characters of Arctic 
Devonian plants, but in the wood of some of those from temperate 
regions there are well-developed rings of growth. It is hardly 
conceivable that the Upper Devonian plants lived under arid 
conditions ; in the short Arctic summer we may assume rapid and 
concentrated growth, while farther south the growing period was 
more prolonged, but the hours of work shorter. The wide dispersal 
of some of the Upper Devonian plants is not difficult to under- 
stand when we note the wealth of spore-bearing organs on the 
fronds of Archeopteris and other genera; but it is impossible as 
yet to follow, with any degree of confidence, the wanderings of the 
early terrestrial types from one hemisphere to the other. We know 
that some members of the Northern flora existed in the remote 
South, and the balance of evidence favours the view that the 
continent of Atlantis was the chief centre of dispersal. 


The Earlier Carboniferous Floras. 


"When he reaches the chapter of geological history that is written 
in the coal-seams and associated muds and sands of the Carboniferous 
swamps and estuaries, and in the earlier plant-bearing strata of 
the same Period, the Paleobotanist offers his services with greater 
confidence to the Stratigraphical Geologist. The records of plant- 


part 2] ANNIVERSARY ADDRESS OF THE PRESIDENT. Ixxi 


life rapidly inerease as we pass from the Upper Devonian rocks to 
the Coal Measures. I am not now concerned with the Algw of the 
‘Carboniferous seas which, as Prof. E. J. Garwood’s researches 
‘demonstrate, possess a high value as zone-indicators. Some years 
ago Dr. R. Kidston expressed the opinion that, in Carboniferous 
rocks where they occur in suflicient quantity, plants ‘give the 
surest test of age’. Species pass from one horizon to another; but, 
as the same author says, if ‘in forming our opinion of the age of 
rocks from the fossil plants they contain, we take a view of their 
floras as a whole, errors arising from false values being placed upon 
individual species are entirely eliminated’. Last year Dr. Kidston 
recurred to the same subject in the first part of the Memoir on 
the Fossil Plants of the Carboniferous Rocks of Great Britain, 
a Memoir which calls for an expression of deep gratitude both to 
the Director of the Geological Survey and to the author : 
“Tt is no longer necessary’ [he writes] ‘to defend the employment of fossil 
plants as a means of zoning or dividing the Carboniferous formation into 
smaller Groups or Series, as these fossils are now universally recognized 
as affording the most certain data for zoning this formation, both on the 
continent of Europe and in America.’ 
The subdivision of the Carboniferous System and the floristic 
characters of the various series does not at the moment concern 
us: it is the broader botanical aspect that we are considering. 
While certain genera and even species are common to the Lower 
and the Upper Carboniferous strata, the floras of these two divisions 
of the system differ widely one from the other. The differences 
are, however, such as might be expected to accompany progressive 
evolution and a changing physical environment. On the one hand 
the number of species is smaller, though additions are constantly 
being made, and on the other there is a remarkable assemblage 
of types at the height of their vigour. In North Staffordshire, 
Dr. Kidston reminds us : . 
“ Upper Carboniferous plants are found in the so-called Millstone Grit rocks 
at a depth of about 50 feet below the Fifth Grit’; then succeeds a distance 
of about 60 feet of barren rock, ‘ when suddenly a typical Lower Carboniferous 
flora appears. The sudden disappearance of one flora and the equally sudden 
‘appearance of another is,’ he adds, ‘one of the most remarkable facts in 
vegetable paleontology, and one for which I can offer no satisfactory 
explanation.’ 

The most famous locality in Great Britain for Lower Carboni- 
ferous plants is Pettyeur, near Burntisland, on the northern shore 
of the Firth of Forth. Although for the greater part small m 


Ixxil PROCEEDINGS OF THE GEOLOGICAL society.  [vol. lxxx,, 


size, the fragments of stems, leaves, seeds, and spores scattered 
through caleareous voleanie ash are preserved in extraordinary 
perfection. Overwhelmed by voleanic eruptions, the disrupted 
tissues were permeated by solutions derived from the destroying 
material which converted the delicate membranes of the cells into- 
an indestructible network of stone. The thoroughness with which 
it is possible to investigate the anatomy of vegetative organs and 
reproductive shoots reduces to insignificance the «ons that have 
passed since the plant-machines throbbed with life. There are 
many differences between the grosser anatomical features of the 
Lower Carboniferous species and those of existing plants, but in 
the form and structure of the units that make up the intricate 
mechanism there is an impressive correspondence. The processes 
by which the raw materials were absorbed from the soil and the air 
and converted into the living protoplasm must have been the same 
then as now. As we examine the petrified tissues under the 
objective of a microscope they become endowed with life: we may 
apply to the trees of old the poet Gray’s reference to trees of the 
pPuesenuh—— 
‘ While visions, as poetic eyes avow, 
Cling to each leaf and swarm on every bough.’ 


One almost sees the sun’s rays entrapped by the chlorophyll of the 
cells, and the entrance through the countless pores in the leaves of 
the air which supplies the carbon for the food and substance of the 
plant. Ignorant as we are of the methods of Evolution we are. 
convinced of the continuity through the ages of the finely adjusted 
relationship of the living machine to the world in which it lives. 
In the time at my disposal it is impossible to convey an adequate: 
idea of the many divergent types that have been described from 
Pettycur and other localities in Scotland. Several Devonian genera 
persisted, and produced additional forms; and it is rather the 
greater wealth of material than any marked change in plan that 
distinguished the phase of evolution which we are now considering. 
There are rhizomes and leaf-stalks of several new members of that 
extinct group of Ferns, the Coenopteridez (Primofilices of Arber) 
to which reference has already been made in the brief description 
of certain members of the family Zygopteridee ; stems of Pterido- 
sperms that cannot be closely linked with those of any known 
plant; the seed-bearing strobilus Lepidocarpon, a type of fertile 
shoot that demonstrates the existence of a higher level of organiza- 
tion than is shown in any subsequent representative of the great. 
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Lycopod group. Another remarkable spore-bearing cone is that 
described by Dr. D. H. Scott as Chetrostrobus pettycurensis, and 
spoken of as ‘perhaps the most complex Cryptogamie fructification 
at present known to us’: in it are combined features suggesting 
attinity both to the Calamites and to the Sphenophylls. In further 
illustration of the similarity of Lower Carboniferous types in. 
widely separated regions, reference may be made to an account 
by Dr. D, H. Scott & Prof. E. C. Jeffrey of petrified stems and 
leaf-stalks from Lower Carboniferous rocks of Kentucky, which 
show a striking similarity in anatomical characters to species from 
Thuringia and other European districts. 

Anatomically, the plant-world of early Carboniferous days pre- 
sents to modern eyes a series of experiments in construction, 
temporary and unsuccessful attempts to harmonize complexity of 
structure with physiological efficiency. The arborescent habit 
of the Lepidodendra, the range in structure of the vascular axis. 
from a small, solid strand of conducting tissue to a relatively large: 
pith-enclosing tube encased in a broadening cylinder of secondary 
wood, the production of large cones of the type illustrated by the 
famous Lepidostrobus Brownti (admirably described in one of 
the later contributions by the late Prof. R. Zeiller to the science 
which he adorned), are examples of some of the many attributes. 
and accomplishments of the Lycopod phylum which have long 
been lost. In the latter part of the Carboniferous Period Lepido- 
dendron flourished from Australia to Spitsbergen and the North 
of Greenland ; from South America to China. The discovery of a 
petrified stem of Lepidodendron in Lower Carboniferous rocks of 
New South Wales several years ago (though unfortunately the- 
specimen has not been described), which agrees closely with 
European species, shows that similarity in structure as in habit 
of growth characterized the widely scattered members of the 
Lower Carboniferous floras. 

One of the most characteristic and cosmopolitan plants of the 
period which we are now considering is Asterocalamites scrobi- 
culatus, a species differing in certain well-defined characters from 
the Calamites of the Coal forests, but closely related to them. 
R. Kidston & W. J. Jongmans, in their valuable Monograph of 
the Calamarie, call attention to the occurrence in the older 
Carboniferous floras of a few species of Calamites intermediate 
between -Asterocalamites and the later species of Calamites. 
Asterocalamites is recorded from the Far North, from North 
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America, through Europe, from South America and Australia. 
Among other genera characteristic of Lower Carboniferous rocks 
‘are several Pterophylls, fronds which are probably not those of 
true Ferns: such as Cardiopteris with broad oval leaflets, Zehaco- 
pteris, species of Sphenopteris, and several others, in addition to 
numerous genera founded on petrified pieces of stems and petioles 
with affinities to Gymnosperms and Ferns. 


One of the outstanding features of the Lower Carboniferous 
vegetation is the occurrence of the same genera or even species 
in widely separated regions of the world. ‘There are differences 
between floras which may be correlated with difference in geo- 
logical horizon, and certain types are confined to single localities ; 
but we have no evidence of any well-marked botanical provinces 
‘distinguished by such floristic characters as can be correlated with 
contrasted climatic conditions. Far within the Arctic Circle 
Lower Carboniferous plants flourished apparently with a vigour 
equal to that shown by those of much more southern floras. 
Closely allied and, often, identical species range from lat. 80° N. 
through Europe and North America, and are found also in the 
remoter parts of the Southern Hemisphere. Dr. John Ball, of 
the Egyptian Geological Survey, discovered specimens of Lepido- 
dendron 15 miles west of the Gulf of Suez, in lat. 29° N., closely 
allied to well-known European species; and in 1922 Dr. J. A. 
Douglas submitted to mea small collection of plants from Peru 
which suggest comparison with Lower Carboniferous European 
species, although the American paleobotanist Mr. E. W. Berry 
has assigned specimens from the same region to an Upper Car- 
boniferous position. In passing, it may be stated that plants 
from the Hartz Mountains referred by the late Dr. H. Potonié to 
a Silurian age are now generally accepted as typical examples of 
a Lower Carboniferous flora. 

In 1911 Nathorst published a description of a few plants from 
a locality between lat. 80° and 81° N., on the eastern coast of 
Greenland. Nine species were recognized, including Calymmato- 
theca bifida, a British species of Pteridosperm that is recorded also 
from Spitsbergen and Bear Island, a species of Sphenophyllum 
closely allied to a Pennsylvanian and European form, specimens 
of Asterocalamites, a species of Lepidodendron which occurs in 
Spitsbergen and is hardly distinguishable from others recorded 
from Europe and the Southern Hemisphere, also specimens of 
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Stigmaria ficoides. The luxuriance of the Upper Devonian flora 
of Bear Island had its counterpart in the rich vegetation discovered 
in the Lower Carboniferous beds of Spitsbergen. A few charac- 
teristic Lower Carboniferous plants are recorded also from Bear: 
Island. Thick seams of coal occur in Spitsbergen (lat. 78° N.), 
and at several localities the strata have yielded abundant casts and 
impressions of a large variety of plants. No undoubted Lower: 
Carboniferous petrifactions are known from Spitsbergen: the 
species Dadoxylon spetsbergense described by W. Gothan as Car-- 
boniferous was not found ¢m s¢tw, and is said by Nathorst to have: 
come from some marine deposit into which it may have been 
transported from a more southern home. This species has often 
been quoted because of the absence of rings of growth in the 
secondary wood—an unexpected feature if the tree had grown 
where it was found. The examination of sections of the type-. 
specimen in Dr. Kidston’s collection leads me to suspect that it 
may be of Mesozoic age. In any ease, the species is untrustworthy 
as evidence of climatic conditions in the Arctic regions. 

While in the possession of certain genera in common the Upper: 
Devonian flora of Bear Island and the Lower Carboniferous flora 
of Spitsbergen resemble one another, the latter indicates progress 
in the range of plant-form. The Spitsbergen flora is rich in fronds. 
which in habit agree closely with those of some Ferns, but not 
one of them can be assigned with certainty to the Filicinee. 
Some of the axes have a breadth of 9 cm., and Nathorst’s illus- 
trations show pieces of fern-like rachises provided with recurved 
hooks with which they presumably clung for support to the 
branches of stouter trees. Species of Sphenopteris and other- 
genera bearing small, deeply-cut leaflets present a striking similarity 
to British and Continental forms. The Pteridosperms also include- 
the European Calymmatotheca bifida, and to the same class may 
be assigned Adiantites bellidulus with small cuneate segments. 
recalling those of fronds from much more southern countries. 

The Lepidodendree played a leading part in the Spitsbergen: 
flora, and some of the species appear to be identical with repre-- 
sentatives in Europe and even in the Southern Hemisphere. 
Among other species are Lepidophloios scoticus, a Lower Carboni- 
ferous Scottish form; a species of Archeosigillaria very similar: 
to examples of the genus from the North of England and North 
America; and stems of -Porodendron possibly identical with 
Porodendron tenerrimum (formerly known as Bothrodendron 


Ixxvi PROCEEDINGS OF THE GEOLOGICAL society. (vol. lxxx, 


tenerrimum), which oceurs in abundance in the Paper-Coal of 
Russia. 

The genus Sigéllaria, one of the common trees of the Coal 
forests, played a subordinate part in the earlier Carboniterous 
floras. In addition to some reproductive organs connected or 
associated with Pteridosperm fronds, different types of highly 
organized seeds of unknown parentage have been found in the 
Spitsbergen beds. It is interesting to have evidence of the ability 
of Arctic plants to bring to maturity seeds which in size and com- 
plexity of structure show no signs of adverse climatic conditions. 
Mention may be made of seeds as large as hazel-nuts and very 
similar to Lower Carboniferous species from Belgium and Northern 
Russia: there are seeds provided with flanges, long and narrow 
‘seeds, with a slender beak covered with stiff hairs, resembling the 
fruits of the recent Stork’s-bill. These and other examples 
demonstrate the existence of many types of seed-bearing plants, 
and show that, even in early Carboniferous days, plants had reached 
the stage of producing seeds equipped with appendages compar- 
able with those which facilitate the dispersal of recent fruits and 
seeds. 

There can be no question of the Spitsbergen plants having been 
drifted from a distance: stumps of trees oecur 77 sifu, and the 
state of preservation of the impressions clearly points to an 
-autochthonous flora. Nathorst suggested the possibility that 
‘some of the seeds may have been borne by herbaceous plants ; 
he assumed that the large fronds and the woody stems of Pterido- 
sperms and Lepidodendra are descendants of herbaceous ancestors. 
The first land-flora he beheved to have been herbaceous. There is 
no reason to suppose that in the earlier stage of evolution of the 
vegetation of the land herbaceous plants were abundant. The 
opinion of some botanists is that herbaceous plants are descended 
from arborescent parents, an opinion which receives considerable 
support from the records of the rocks. It is highly probable that 
-a mixed vegetation would be represented in the geological series 
by a misleading proportion of woody forms, because of their greater 
resisting power to the wear and tear accompanying sedimentation ; 
but, in the remains of the Paleozoic and of the earlier Mesozoic 
floras, we find comparatively few examples of typical herbaceous 
plants, and it is not unreasonable to infer from this and other facts 
that the present wealth of herbs is an especial feature of the later 
-stages of evolution. 
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Upper Carboniferous Floras, 

The vegetation that has left its traces in the sediments of the 
‘Coal Measures of the Northern Hemisphere and, in some few 
localities, is preserved in amazing perfection in caleareous nodules 
embedded in coal, is of exceptional interest—not only to the 
botanist, but to all to whom the wonders of Nature make an appeal. 
In a single Address concerned with a succession of floras it is 
clearly impossible to do justice to the mass of knowledge that 
has been accumulated: it is possible only to refer to a few of 
the many problems presented by a general consideration of Upper 
Carboniferous floras. 

Lack of precise information is responsible for the common 
practice of applying the term Permo-Carboniferous to certain 
series of strata in the Southern Hemisphere and in India, instead 
of attempting a closer correlation of the Carboniferous and 
Permian rocks in different regions of the world. We cannot 
always distinguish between the two periods, even in the Northern 
Hemisphere; and, in some circumstances, it is preferable to retain 
the dual designation to which certain geologists have raised 
objections. On the other hand, we should not rest content with a 
terminology which tends to minimize the importance of recog- 
nizing, within as narrow limits as possible, the equivalents in the 
Southern Hemisphere of the productive Coal Measures north of 
the Equator. My intention is not to repeat in detail a story 
which was first clearly presented in a masterly Address to the 
British Association in 1884 by W. T. Blanford; it is rather to 
all attention to some of the contributions to knowledge in recent 
years which have influenced opinion on the relation to one another 
of the Northern and Southern Upper Carboniferous floras in their 
botanical and geological aspects. 

A luxuriant and, in the main, a homogeneous vegetation clothed 
widely extended regions of the great Northern continent during 
the latest, prolonged phase of the Carboniferous Period: to the 
north it probably reached as far as Melville Island and Banks 
Land—but Arctic records are few and fragmentary, and it has 
been traced to Northern Africa on the southern shore of the Tethys 
sea. Many northern types have been found in the vast coalfields 
of China; but of the Far Eastern floras we shall have a much 
more accurate knowledge when Prof. 'l. G. Halle’s researches are 
published. Among the records from the plant-bearing strata of 
India, Australia, South Africa, and South America we seek in vain 
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for many of the familiar northern plants. Gondwanaland sup- 
ported a comparatively meagre flora, in which Gangamopteris 
and Glossopteris were dominant members. In 1914 it was my 
privilege to describe the fossil plants obtained by members of 
Capt. Scott’s Second Expedition, whose heroism and tragic death 
are still fresh in our memories. The specimens of Glossopteris: 
were collected from a nunatak on the Buckley Glacier in lat. 85° S. 
To the descriptive part of the account was added a brief summary 
of the botanical features of the two provinces which are usually 
spoken of as Permo-Carboniferous. It is unnecessary to, 
traverse the same ground again; but, during the last ten years,. 
some progress has been made, and there are still many questions 
that can only be answered in part. I ought to add that the age 
of the Beacon Sandstone in which the Antarctic Glossopteris. 
fragments were found cannot be definitely fixed: the genus has a 
wide geological range, and there is no doubt that in the Beacon 
Sandstone are included beds belonging to more than one period. 

We will first glance at the Northern flora, and then compare it 
with the floras preserved in the plant-beds of Gondwanaland,. 
paying especial attention to considerations that may help us te. 
arrive at a true conception of the homotaxial relations between the 
two, the possible effect of physiographical conditions upon the 
facies and composition of the floras, and, incidentally, referring to- 
some of the more recent contributions to our knowledge of this: 
much discussed and attractive chapter of geological history. 

Many attempts have been made to construct restorations of the: 
forests of the latter days of the Carboniferous Period, to call back 
to life the trees and humbler members of the undergrowth, and to. 
picture the environment in which they wrought into their tissues 
the raw material from air and soil. Imaginary landscapes often: 
fall short of realism, and depict such trees as never grew—they are: 

‘Creatures borrowed and again conveyed 

From book to book—the shadows of a shade ’—; 
but they serve a useful purpose and remind us of the fact that the 
fossils which we name and describe were once parts of complex 
living organisms. The difficulty of accurately defining the climatic 
conditions necessary for the full development of members of the 
more recent floras, which are hardly distinguishable from existing 
species, becomes infinitely greater when we are concerned with 
associations in which the present dominant class of Flowering 
Plants is unrepresented. On the other hand, the plastic organs of 


part 2] ANNIVERSARY ADDRESS OF THE PRESIDENT. exiac 


trees and herbs reflect in the plan of their construction, and in 
certain structural details, something of the environment in which 
they lived. The resistance of tall stems and flat, strap-like leaves 
to bending and tearing by the wind is registered in the disposition 
of the girders and cylinders of fibrous cells; the relation of the 
tissue-systems of roots, stems, and leaves to water-supply is within 
certain limits revealed on microscopical examination; the alterna- 
tion of regularly recurring periods of rest and active growth 
associated with Temperate and Arctic regions, or it may be the 
succession of wet and dry seasons under the Tropics, is in some 
degree reflected in the annular distribution of wider and narrower 
conducting elements in the wood. The value of rings of growth 
as criteria of seasonal rhythm has, I venture to think, been over- 
estimated : this opinion has also been expressed by Dr. E. Antevs, 
who has made the most exhaustive study of the subject of annual 
rings in recent and fossil plants that has been published. The 
science of Ecology, the study of plants in relation to their dwelling- 
places, is still in its youth: the comparatively little knowledge 
which has been gained by researches into the interrelation of living 
plants and the inorganic world should help us to resist the 
temptation of describing, with a confidence that is born of repeti- 
tion, the precise circumstances in which the rich legacy of the 
productive Coal Measures was extracted from the atmosphere. 
It has been maintained that the extensive deposits of peaty 
material point to a cool rather than a tropical climate: on the 
other hand, attention has been called to the occasional accumulation 
of masses of vegetable débris in islands of the Malay Archipelago. 
Plants bearing needle-like leaves occur in the Coal Measures, also 
others characterized by fronds comparable in size with those of 
many tropical ferns. The bifurcate aérial stem of Lepidodendron, 
the more Cactus-like columnar Szgil/aria,—both, it would seem, 
given off from Stigmarian axes spreading horizontally in the mud 
for many feet and, like the underground stems of recent dwellers 
in fens which are compelled by lack of a sufficient supply of oxygen 
in the deeper water-logged soil to grow near the surface,—afford 
evidence of a watery habitat. Similarly, the lacunar cortex of the 
roots of Calamites and some other genera is consistent with swamp 
conditions. There are certain anatomical characteristics exhibited 
by the vegetative organs of Upper Carboniferous plants suggestive 
of xerophilous attributes: a device for preventing excessive loss of 
water is illustrated by the stomatal grooves on the lower surface 
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of the leaves of Lepidodendron and Sigillaria; the occurrence in 
several plants of woody elements of a type which, in recent species, 
serve as water-reservoirs may be an indication either of scarcity of 
water or, more probably, of growth in a situation that was physio- 
logically dry, as in a brackish or marine lagoon. 

F. CG. Grand’Eury’s investigations in the coal-basins of France 
illustrate the value of patient field-work in paleobotanical research. 
Some of us have given much too little heed to the investigations 
of plants in relation to the sediments in which they occur. J am 
convinced that it is only bya combination of work in the laboratory 
and direct observation in the field that we can hope to obtain a 
true picture of the Carboniferous vegetation. 

It is not unreasonable to conclude from the available data that 
the majority of the Northern Hemisphere plants inhabited swampy 
districts, either slightly below sea-level or exposed to occasional 
flooding by sea-water. We have no means of discovering 
whether, as is often asserted, the supply of carbon-dioxide gas in 
the atmosphere was greater than it is now; nor are there adequate 
grounds for assuming that the trees grew under a perpetual pall of 
mist : 


‘How can the tree but waste and wither away 
That hath not sometime comfort of the sun ?’ 


The general absence of well-defined rings of growth of stems from 
the Coal Measures would seem to favour the conclusion that there 
were no sharply contrasted seasons; but we know too little either 
of the mechanism of secondary increase in girth in some of the 
Paleozoic trees, or of the relation between habitat and growth- 
rings in recent plants, to attach much weight to this kind of 
evidence. It may, at least, be said that there is no indication in 
the wood of the Upper Carboniferous trees of the Northern flora 
of regularly recurring diminution in the volume of the water- 
current, alternating with a sudden increase in the supply demanded 
by the burst of activity which we associate with the Spring 
awakening. We may as well admit that we have no trustworthy 
data on which to base a statement that the forests of the Northern 
Hemisphere grew under tropical conditions: circumstances were 
unquestionably favourable, but I suspect that one reason for the 
supposition of a tropical climate is that certain extinct genera 
attained the dimensions of trees, whereas their nearest living 
relations are low-growing and relatively inconspicuous plants. 
Differences in size and complexity of organization are rather the 
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expression of stages in evolution, and of the relation of one group 
of plants that was temporarily dominant to others which subse- 
quently assumed a corresponding position at a later epoch. 

A. section of a caleareous nodule from a coal-seam reveals a 
miscellaneous collection of vegetable débris ; fragments of woody 
stems, pieces of bark, leaves, an occasional seed, or sporangium 
filled with spores, burrowing roots invading foreign tissues that lie 
in their path, and threads of fungi penetrating the food-containing 
cells of higher plants. In a few localities, both in England and 
in Bohemia, attention has been drawn to the occurrence of certain 
plants in the coal, while others of a different type are confined to 
nodules in the roof of the seam: a sorting of species which may 
denote a differentiation between dwellers in swamps and dwellers 
on drier ground. With lower plants I do not propose to deal, 
beyond remarking that there are grounds for believing that the 
group Bryophyta was already in existence in the Coal Period. 


The widely-distributed tropical Lycopod, Lycopodium cernuum, 
in habit lke a diminutive tree, affords a fairly accurate represen- 
tation of a much redueed Lepidodendron: the slender stems and 
branches of the living species were replaced by a tapered woody 
trunk bearing bifurcate lateral branches clothed with needle-like 
leaves, and from some of the shoots hung large pendulous cones. 
Spirally-disposed fleshy leaf-cushions covered the surface of the 
stem, except in the older portions, where they were replaced by an 
irregularly fissured bark. On the stems of some of the Lepido- 
dendre@ cup-shaped scars similar to those on the trunk of a Kauri 
Pine showed that branches had been shed by a natural process of 
abscission. There is also the closely allied Stgiilaria, plumed in 
the younger part with crowded awl-like leaves, but elsewhere 
showing vertical rows of contiguous, spiral series of leaf-scars ; 
while nearer the base the original surface-features were obscured 
by the stretching and consequent sloughing process caused by long- 
continued growth in diameter. Below the surface of the swamp 
forked Stigmarias pushed their way, like snakes, through the 
spongy mud, their slender rootlets dispensing with the aid of 
absorbing hairs and thus foreshadowing recent water-plants. The 
great Lycopod group had reached the culminating point in its long 
career; from the older Devonian prototypes, themselves dwellers 
in peat, had been developed a vigorous race, many of them trees, 
some smaller and herbaceous: and a few had solved the problem 
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of seed-production by a modification of the normal method of 
reproduction by spores. 

If we imagine a giant Lguisetwm converted into a taller woody 
column encircled at intervals by whorls of shoots with rings of 
star-like leaves or, nearer the ground, by series of descending 
spongy roots; and if, for the comparatively small and uniform 
type of spore-bearing strobilus, we substitute large cones of greater 
complexity and variety, we obtain a fairly accurate picture of the 
familiar Calamites. 

The slender stem of Sphenophyllum, a genus already repre- 
sented in Upper Devonian and Lower Carboniferous floras, must 
have presented a close resemblance to the scrambling stems of the 
common Galiwm aparine of our hedgerows. It is interesting to 
note that the large size of the tracheids in Sphenophyllum stems 
is a feature suggestive of a scrambling or climbing habit. 


It is now generally agreed that the great majority of fern-like 
fronds from Carboniferous rocks were not, as they were naturally 
supposed to be, the foliage of Paleozoic representatives of recent 
Ferns. Many of them bore seeds, and the stems grew in thickness 
by means of a cambial cylinder. The combination in these extinct 
Pteridosperms of characters now shared by Ferns and Cyecads 
seemed to indicate a common origin for the two groups; but the 
view now adopted by Dr. Scott, a view with which I agree, is that 
the Pteridosperms and Ferns probably represent different lines of 
evolution. The Pteridosperms afford one of several illustrations 
of the rise to prominence in the latter part of the Paleozoic Era 
of groups which are almost or entirely absent from Mesozoic floras. 
In the course of evolution similar morphological tendencies or 
similar types of construction, such as the production of seeds, 
the conversion of herbaceous into arborescent stems, were inde- 
pendently achieved along separate lines of progress, and are best 
interpreted as parallel developments rather than as symbols of 
relationship. 

Tree-Ferns were also represented: some, like Psaronius, re- 
calling recent Ferns in habit, and exhibiting in their anatomical 
characters a foreshadowing of later types of structure, though 
hardly entitled to be assigned to any Mesozoic or modern family. 
It is, I think, true to say that the Fern flora of the Coal Penodkie 
still very imperfectly known, and we have as yet no definite evidence 
of a direct connexion between the Paleozoic and the Mesozoic 
representatives of the Filicinean alliance. 
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The Gymnosperms played a prominent part in ‘the Upper 
Carboniferous forests. It is impossible to draw a clearly-defined 
line between some of the plants classed as Pteridosperms and those 
which show a close approach in the anatomy of the stems to 
Cycads and Conifers. There is a continuity in the history of some 
of the extinct genera of Gymnosperms from the Devonian to the 
Permian Period: certain types agree in the structure of the 
secondary wood with Cycads and Araucarian Conifers, and it is 
noteworthy that several of the beautifully preserved seeds from 
the late Carboniferous rocks exhibit a striking agreement with 
those of recent Cycads. But the reproductive shoots which bore 
seeds exhibiting Cycadean characters were far removed from the 
typical seed-bearing cones that were subsequently evolved. 

A bewildering variety of stem-structure becomes apparent when 
we examine the records from Upper Carboniferous strata: some 
forms show a vascular construction of a type now associated with 
hanes ; but for the greater part one prefers to see in the range of 
anatomical plan unsuccessful attempts to solve the problem of an 
efficient water-supply, and the mechanics of growth in girth and 
resistance to the force of the wind. In the diversity of stem- 
structure, in the extraordinary complexity of seeds, in the unfamiliar 
habit of certain Palaeozoic Ferns, and in many other morphological 
features, we have abundant evidence that the forests of the Coal 
Period included many plants of a type that is now unknown; some 
families were on the verge of extinction, others persisted in 
humbler guise, their later representatives being reduced both in 
size and in complexity of structure. As one group ceased to be 
prominent in the plant-world, another took its place; the dominant 
group of one age may not have any direct affinity to that which it 
in part replaces. Through a series of shifting scenes we can trace 
a few continuous lines of development, for a time broad and 
prolific in the production of new types; at a later stage less plastic, 
and overshadowed by newer products of evolution better attuned 
to an altered environment. 

This brief sketch must suffice, though it affords a very inadequate 
presentation of the richness and variety of the vegetation which 
colonized vast areas in the Northern Hemisphere during the 
protracted phase of geological history that is written in the 
Upper Carboniferous rocks. 


I have already pointed out that the sundering Tethys Sea did 
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not constitute the southern boundary of the Northern botanical 
province: members of the Westphalian flora have been recorded 
from Morocco. In 1883 Zeiller described the occurrence of several 
European species of Upper Carboniferous plants in the Tete Basin 
of the Zambezi district, a circumstance which seemed to demon- 
strate a distant migration of some northern elements towards the 
south; but in 1914 Dr. W. Gothan described several well-preserved 
specimens of Glossopteris leaves from the same district, and 
expressed the opinion that the specimens sent to Paris for descrip- 
tion were of European origin. It has been proved that Glossopteris 
grew in the Zambezi district, and that the plants described by 
Zeiller from the same region did not include any representatives 
of the Glossopteris flora. There must have been some mistake : 
the conclusion seems to be inevitable that the northern vegeta- 
tion did not, as was formerly supposed, extend into the African 
tropics. ! 

From several localities on the continent of Angara, one of the 
land-masses undisturbed by crustal convulsions and marine trans- 
gressions which Suess described as a refuge during a long succession 
of ages for terrestrial life, fossil plants have been recorded from 
beds referred to the Permian Period. Since Amalitzky’s discovery 
of Gangamopteris and Glossopteris in Upper Permian deposits in 
Northern Russia, many additions have been made to our knowledge 
of the later Paleozoic Russian and Siberian floras, and I would 
especially mention the recent publication of a large Atlas of Fossil 
Plants from the older Angara Series of plant-bearing strata pre- 
pared by Prof. M. D. Zalessky, who promises a volume of deserip- 
tive text which will be a valuable supplement to the useful set of 
papers contributed by him to Russian journals. The older Angara 
floras, which are believed to be of Permian age, are connected by 
many common types with those of Western Hurope and North 
America, but they also include representatives of the Glossopteris 
Flora. The Tethys Sea was, in the East as in the West, no impas- 
sable barrier to plant-migration: there is evidence of interchange 
between the two provinces. Lack of time precludes a full discus- 
sion of the Angaraland floras: an important point is that they are 
regarded by paleobotanists familiar with them as Permian and in 
part, at least, of Upper Permian age. 


1] may remind geologists interested in palwobotanical research of the 
excellent résumé of literature by the Abbé Carpentier, published in the ‘ Revue 
Générale de Botanique’. 
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I pass now to the territories occupied by the Glossopteris, or, 
as Dr. White prefers to call it, Gangamopteris Flora in its most 
characteristic development. The composition of this southern 
flora need not detain us: E. A. Newell Arber’s useful volume, pub- 
lished as a British Museum Catalogue in 1905, includes descriptions 
of the several species recorded at that time. Gangamopteris and 
Glossopteris are the two most familiar genera, but it is not always 
easy to draw a satisfactory line between them; though their 
affinities are still an open question, the balance of evidence is on the 
side of relationship with the Pteridosperms and not with the true 
Ferns. The most recent contribution to this subject is a paper 
published in our Journal by Dr. A. B. Walkom (whose revision of 
the fossil floras of Australia is providing a much surer basis for 
paleeobotanical generalizations than has hitherto been available), 
wherein he presents evidence, which, though not actually proving 
that certain seeds and Glossopteris fronds found in close associa- 
tion were borne by the same plant, greatly strengthens previously 
formed suspicions. The researches of R. Zeiller and my predecessor 
in this chair, who has contributed not a little to our more accurate 
knowledge of the Indian Gondwana Beds, led them to regard the 
axes known as Vertebraria as the rhizome of Glossopteris. We 
are, however, still ignorant of the anatomical characters of Verte- 
braria. One of the widely distributed species in the southern 
floras is that generally called Neggerathiopsis Hislopt, a species 
represented by large, broadly linear leaves which I believe to be 
generically identical with those from several northern localities 
that are included in the genus Cordaites. Zalessky has described 
many leaves from the older floras of Angaraland which he identifies 
with the southern species. In the bed of the Vaal River in South 
Africa large tree-stumps have been found closely resembling 
those of the European Cordactes, and petrified wood exhibiting the 
characters of Cordaitean stems is not uncommon in the Southern 
Hemisphere. A recent revision of Indian specimens by Prof. B. 
Sahni and myself has supplied additional evidence in support of 
the union of Neggerathiopsis and Cordattes. Among the many 
important contributions which we owe to Mr. T. N. Leslie, of 
Vereeniging, may be mentioned the discovery of several species 
of Lepidodendron,a species of Psygmophyllum, and seeds recalling 
certain Northern Hemisphere types. From New South Wales 
foliage-shoots indistinguishable from those of Annularia, a com- 
mon genus in North America and Europe, have been described by 
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R. Etheridge & A. B. Walkom. The Fern Psaronius, previously 
mentioned as a member of the Northern floras, was discovered 
many years ago in Brazil and, more recently, described in detail 
by the late Count H. Solms-Laubach. Whorls of wedge-shaped 
leaves on a slender axis, originally made the type of a new genus 
Trizygia, and long known from ower Gondwana rocks in 
India, have more recently been found in Northern Australia and 
South Africa; as Zeiller maintained, there would seem to be no 
adequate reason for separating Trizygia from Sphenophyllum. 
The genus Vewropteridium, founded on pieces of pinnate, fern-like 
fronds characterized by large, lobed leaflets, is a far-distributed plant 
in the Southern Province; though recalling some Carboniferous 
European types, it is distinguished by certain, possibly unimpor- 
tant, differences. Newropteridium, in company with the genus 
Schizoneura, another common member of the Gondwana floras, 
oceurs in the Lower Triassic flora of the Vosges district. In 
South America as in South Africa, members of the Glossopteris 
Flora grew side by side with Lepidodendroid species that are at 
least closely allied to common Upper Carboniferous and Lower 
Permian types from the north. Certain genera, such as Lepido- 
dendron, Sigillaria, Psygmophyllum, Cordattes, Psaronius, 
Sphenophyllum, some Sphenopteroid fronds, and a few other 
plants are common to both botanical provinces. Others, such as 
Gangamopteris and Glossopteris, are absent from the Upper 
Carboniferous floras of the Northern Hemisphere, though they had 
reached the North of Russia before the close of the Permian Period; 
and Glossopteris persisted into Triassic time in Mexico and Tong- 
king. Glossopteris flourished on Antarctica 300 miles from the 
Pole, but we cannot definitely fix the date of the rocks in 
which it was discovered. A piece of petrified wood, obtained by 
Mr. Raymond Priestley from a moraine on the glacier which bears 
his name in lat. 74°S., was referred by me to a new genus 
Antarcticoxrylon; but, in the light of more recently acquired 
information from other sources, it has been recognized as a stem of 
the South African genus Rhevorylon. Dr. Nellie Bancroft 
founded the genus Fhevorylon on a piece of petrified stem, of 
uncertain age, sent to me by Dr. A. W. Rogers from Cape Colony. 
More recently, several additional and larger specimens were col- 
lected from Triassic beds in Rhodesia, and handed to me by 
Mr. H. B. Maufe. Dr. A. L. Du Toit also obtained specimens 
from the Beaufort Series, and these were generously passed on by 
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Dr. R. Kidston to Mr. John Walton, who described all the new 
material in an exceptionally interesting paper published last year. 
Originally believed to be a member of the Medullosex, Rhevoxylon 
has now been shown by Mr. Walton to be adistinet type, resembling 
in some anatomical features Southern Hemisphere species included 
in the genus Dadoxylon. Rhexoxylon was a widely distributed 
plant in Gondwanaland during the Triassic Period, and, incidentally, 
it may be added that some of the Rhodesian examples are among 
the most impressive relics of petrified stems that have ever been 
found. In its complex anatomical structure, which exhibits a 
striking resemblance to that of certain recent Dicotyledonous 
hanes, it affords a remarkable illustration of parallel develop- 
ment: in the breaking up of the secondary wood into wedge- 
shaped masses by the disruptive effect of actively growing softer 
tissue, it foreshadows a type of structure which, after the lapse of 
geological ages, was acquired independently by the stems of 
tropical climbers. 


To turn now to the question of age. It is usual to include the 
oldest Glossopteris beds of Gondwanaland in the Permian System ; 
or rather, it is truer to say that until recently this was the common 
practice. In a long paper published in Spanish in the Bulletin 
of the Cordoba Academy, Dr. J. Keidel follows the majority of 
authors in assigning the oldest Glossopteris beds and the tillites 
to a Permian age. The same conclusion is reached by J. C. Branner 
in his important contribution to the Geological Society of America 
on the Geology of Brazil. On the other hand, Dr. A. L. Du Toit, 
Mr. G. de P. Cotter, and Prof. B. Sahni have accepted the view, 
which I venture to think is the correct view, that the strata in 
question belong to the Carboniferous System. My contention is 
that the lowest beds containing remains of the Glossopteris Flora 
are, in all probability, homotaxial with the Upper Carboniferous 
rocks of the Northern Hemisphere. For some of the arguments 
on which this opinion is based I am indebted to Dr. Du Toit. 
Geologists are agreed that the spread of the Glossopteris Flora 
followed, or may even have been contemporaneous with, the forma- 
tion of enormous glacial deposits over a very large area of Gond- 
wanaland. The ice-scratched boulders from South America, the 
Falkland Islands, South Africa, India, and Australia, and the 
grooved and polished platforms of solid rock, prove beyond doubt 
the long-continued and far-reaching effects of thick sheets of ice 
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and, in some localities, of stranding icebergs. As Prof. W. M. 
Davis wrote: the glacial origin of the Dwyka Conglomerate 1s 


‘as unquestionable as is that of the drift-sheets of North-Eastern America 
and of North-Western Europe.’ 


Dr. Du Toit considers that, at the period of maximum glaciation, 
the ice in South Africa formed a continuous body across the 
African continent 

‘fully 1000 miles from east to west, and perhaps but little less than that 
from north to south.’ 

In Australia tillites have been recorded from 23° lat. S. in the 
west, 20° lat. S. in Queensland, and from as far south as 43° lat. S. 
in Tasmania. In India boulder-beds occur between 20° and 33° 
lat. N.; in South America from the Tropic of Capricorn to the 
Falkland Islands. As Prof. A. Penck says, in certain regions 
of Gondwanaland thick glacial beds are found where to-day the 
snow-line recedes to its maximum height. 

Some of the Gondwanaland tillites have revealed traces of 
seasonal banding comparable to those discovered by Prof. G. J. 
de Geer in the Pleistocene deposits of Northern Europe and by 
Mr. R. W. Sayles in the Permo-Carboniferous tillites of Mas- 
sachusetts, the exact age of which seems to be in doubt. Mr. T. 
N. Leslie recently found well-preserved impressions of Glossopteris 
leaves in pockets of shale, in depressions on dolomitic rocks over- 
lain by the Dwyka tillite: an important piece of evidence in 
favour of the co-existence of Glossopteris and extensive glaciers. 
The late Sir Henry Hayden expressed the opinion that certain 
Gangamopteris beds in Kashmir are not younger than Upper 
Carboniferous. With the leaves of Gangamopteris were found 
impressions of Psygmophyllum. In 1922 Mr. Henry Woods 
announced the occurrence in the Upper Dwyka Shales of Kimberley 
of the Crustacean genus Pygocephalus, which had previously been 
found only in the Coal Measures of Great Britain and North 
America. 


There is still much work to be done, and one of many desiderata 
is the discovery of trustworthy standards by which more accurately 
to correlate the rocks and their plant-remains in different regions 
of the Southern Continent. In this connexion I would refer to 
Dr. Du Toit’s statement that the Iraty Shales of Brazil are the 
equivalents of the White Band of the Dwyka Series in South 
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Africa: the two stages are clearly connected lithologically, and 
contain closely allied Reptilian remains. Meanwhile the opinion 
may be offered that the present tendency is in favour of Du Toit’s 
view that the southern ice-sheet should be assigned to the latter 
days of the Carboniferous Period. 

When the Carboniferous floras reached their maximum develop- 
ment on the Northern Continent, the contemporary vegetation 
of Gondwanaland bore a different aspect; it was not wholly 
distinct, but included a few common types adapted to climatic 
conditions very different from those of the forest-clad swamps north 
of the Equator. Beyond the evidence of well-defined rings of 
growth in many stems from the Southern Province, we have 
practically no trustworthy criteria in the relics of the Gondwana 
floras from which to reconstruct the physical environment. 
Assuming that the oldest beds in India (as in other parts of the 
Southern Province) which contain remains of the Gossopteris 
Flora are of Upper Carboniferous age, and that those in which a 
few members of the same flora occur in Russia and Siberia are of 
Permian, and probably Upper Permian, age, it is reasonable to 
regard the Southern Continent as the original home from which 
the long northward journey began. The occurrence of Carboni- 
ferous glacial beds as far north as the Belgian Congo and in 
Northern India and the diversity in the direction of ice-movement 
in different regions raise difficulties which it is not easy to meet ; 
but one thing at least is certain, the proposed shifting of the poles 
as shown in a map published by E. Koken some years ago does 
not provide a solution. Although it would be presumption on my 
part to attempt to discuss the possibility of finding assistance in 
our endeavour to recreate Gondwanaland in the much discussed 
hypothesis of Wegener, I must confess some sympathy with Dr. 
Du Toit’s acceptance of the view that the present South America, 
South Africa, India, and Australia 
‘represent portions of the ancient continent finally torn apart, subsequently 
modified in outline by erosion, deposition, etc., and now separated by vast 
stretches of ocean.’ 


Post-Carboniferous Floras. 


Between the vegetation of the Coal Measures and that of the 
earlier part of the Permian Period the differences are comparatively 
slight: there was no fundamental change; species and genera 
disappear, new forms are introduced, but there is as yet no clear 
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indication of the. almost complete transformation of the plant- 
world which is apparent in the floras of the latest phase of the 
Triassic Period. One of the critical stages in evolution oceurred in 
the interval between the late Permian floras and those which have 
left abundant traces in Keuper and Rhetie strata. The paucity 
of fossil plants in Lower Triassic rocks is well known. The 
occurrence of thick deposits of salt, the weathered surfaces of the 
Archean rocks of Charnwood Forest, which, as Prof. W. W. Watts 
has told us, retain after numberless years the surface-features im- 
pressed upon them by blasts of desert-sand, enable us to reconstruct 
the background of one of the scenes of a drama which is still 
in progress. Connecting-links between the older and the newer 
floras are few and mostly unconvincing. As I have elsewhere 
said, the threads of life seem to have almost snapped, and one 
wonders whence came the new arrivals which, to our restricted 
vision, appear as aliens rather than the direct descendants of 
Paleozoic types. Whether the apparently sudden change in the 
face of the vegetation that is indicated by an analysis of Upper 
Triassic and Rhetic floras is attributable to the imperfection of 
the Record, or whether it may be interpreted as the manifestation 
of a new development from ancestral lines unconnected with those 
which can be traced through successive stages of the Paleozoic 
Era, we cannot definitely assert. We may be led astray by a too 
rigid faith in the doctrine of continuity. Is it not legitimate to 
assume that the process of unfolding began at different times and 
in different places P Continuity is an established fact; but there 
is evidence also of discontinuity; the dominant plants of one age 
may be regarded as the end-series of a long course of evolution 
without connexion with the lines along which another set of types 
reached a dominant position in an earlier age. The idea of the 
initiation of a new creation at more than one stage of geological 
history is not inconsistent with a belief in the essential principle of 
the doctrine of progress and regression. My point is that revolu- 
tions in the inorganie world—the prolonged accumulation of the 
materials of which continents are built, followed by crustal up- 
heaval and the birth of mountain-ranges—had their counterpart 
in the living world. Some chains of life were destroyed; a few 
persisted in an attenuated form, still producing an occasional new 
link, while from time to time fresh chains were forged. 

These speculations, based on meagre evidence, are of little value. 
As Dr. D. H. Scott has said, 
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‘In our complete ignorance of evolution, we cannot hope for any definite 
success in tracing its course.’ 

Speculation, however vague, may stimulate discussion and serve 
as an incentive to a more thorough search for records in rocks 
belonging to the period which seems to be characterized by the 
apparently sudden transformation of one order into another. 

The plant-bearing series of India and other parts of Gondwana- 
land and a detailed comparison of their contents with the successive 
floras preserved in that other great refuge of terrestrial life, 
Northern Angaraland, offer a promising field of work. Loss of 
faith in the more orthodox conception of the process of evolution 
should encourage us to search more diligently for materials that 
may serve for new foundations of belief. 


In conclusion, I propose to return to an aspect of Paleogeography 
to which attention has already been directed : namely, the oceur- 
rence within the Arctic Circle of a vegetation in striking contrast 
with that which occurs in the same regions now. Last year, it was 
my privilege to deliver the Hooker Lecture before the Linnean 
Society, and the opportunity was taken of discussing certain 
problems of geographical distribution, especially those suggested by 
the sharp contrasts in geographical range revealed by comparison of 
Mesozoic and Recent Ferns. Attention was also given to the 
difficulty of connecting the Paleozoic and later floras. 

Considered broadly, Rhzetic and Jurassic floras are very similar 
in composition, and on paleobotanical evidence it is not always 
easy to arrive ata precise estimate of horizon within these periods. 
One of the richest and best-known Rheetic floras is that from 
Southern Sweden, which has been thoroughly investigated by 
Nathorst and other Swedish palwobotanists. A few plants that 
are probably Rhietic in age have been collected in Spitsbergen. 
Tn 1891-92 Dr. N. Hartz of Copenhagen collected many plants on 
the south-eastern part of Jameson Land, on the eastern coast of 
Greenland, between lat. 70° and 71° N., and his well-illustrated 
account shows that the plants present a close resemblance to those 
from the South of Sweden. In 1900 Dr. Hartz obtained much 
additional material from the same district, and, in his short state- 
ment of results, reference is made to the discovery of the genus 
Dictyophyllum, a common Rhetic and Jurassic fern which had 
not been previously found there. Last year several cases of 
Dr. Hartz’s fossils were, at his request, sent to me from the 
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Mineralogical Museum of Copenhagen. I take this opportunity of 
expressing gratitude to him for entrusting to me an interesting 
piece of work which circumstances prevented him from undertaking. 
It is as yet impossible to say’ much about the Hast Greenland 
flora beyond summarizing results already published: it includes 
Ferns, Cyeads, and other Gymnosperms which show a very close 
resemblance, often amounting to specific identity, to forms from 
Seania, Franconia, Tongking, and other regions. There occur 
well-developed Equisetaceous stems, differing chiefly in their rather 
greater diameter from the Horsetails which grow in abundance to- 
day on many parts of the Greenland coast; large, bipinnate 
Oladophlebis fronds specifically identical with a widespread 
Rheetic fern; fertile leaves of Yodites, a familiar Rhetic and 
Jurassic genus; large fan-like fronds of Dictyophyllum recalling 
those of a recent species of Dipteris which, often in company with 
Gleichenia, forms dense tangled brakes on the borders of the 
Malayan forests; twigs of Conifers; foliage-shoots of the cosmo- 
politan Podozamites; some Cycadean fronds, and other plants. We 
have seen that the Upper Devonian flora of Bear Island gives no 
sign of any response to conditions different from those under which 
the more southern floras existed ; there is a corresponding similarity: 
between the Rheetic Arctic flora and those preserved in what are 
now more favoured parts of the world. Similarly, an equally 
impressive example of contrasts between the Present and the Past 
is furnished by the Jurassic plants of Graham Land, first briefly 
described by Nathorst, and subsequently fully described and illus- 
trated by Prof. T. G. Halle. This flora, which flourished close to 
the Antarctic Circle, a region that is now even more inhospitable 
to vegetation than are Arctic lands, includes several species identical 
with Upper Gondwana plants from India and with Jurassic forms 
from the Yorkshire coast. Some of the Graham Land plants are 
closely allied to species from Cretaceous rocks on the west coast of 
Greenland. To Prof. Halle we are also indebted for a description 
of an Upper Jurassic, or possibly a Wealden, flora from Patagonia 
including specimens of Ferns generically identical with Gleichenia, 
which has its greatest development in tropical and subtropical coun- 
tries at the present day and is represented by several forms in 
the Cretaceous flora of Greenland. It is noteworthy that Upper 
Jurassic strata in Tierra del Fuego have furnished pieces of fronds 
of Dictyozamites, a Cycadean genus recorded also from Japan, 
India, England, Bornholm, and a few other parts of the world. 
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The discovery in recent years of numerous Jurassic plants, as 
also plants of other ages, in Alaska, the description of which we 
owe to Dr. F. H. Knowlton, affords additional evidence of: the 
vigorous development of many southern types in high northern 
latitudes. 


‘In place of the present snow and ice’ [writes Knowlton] ‘and the scant, 
almost perpetually frozen soil which supports but a handful of depauperated 
plants, the conditions from at least late Paleozoic to middle Cenozoic time 
made an abundant and luxuriant vegetation possible, at least during certain 


periods.’ 

Two components of the Jurassic flora of Alaska may be men- 
tioned: an Indian type of Cycadean frond and some exceptionally 
large leaves of a world-wide species of Ginkgo. From the far 
eastern border of the Northern Hemisphere Nathorst has recorded 
the occurrence in the New Siberian Islands of well-known Jurassic 
genera, and an Equisetaceous stem closely allied to Upper 
Triassic and Rheetic species in far distant parts of the world. 
A rich flora has been described by Nathorst from Spitsbergen 
which suggests near relationship to those of Wealden age in 
England and elsewhere. From Jurassic rocks in Franz Josef 
Land several species have been described both in our Journal, by 
Sir Jethro Teall & Mr. E. T. Newton, and by Nathorst in a 
contribution to the official Norwegian account of Dr. F. Nansen’s 
voyage in the Fram. 


Numerous Cretaceous plants were described by Oswald Heer 
about sixty years ago, and others have been added in more recent 
years by several authors, from Disko Island and the adjacent coast 
of Greenland at or about lat. 70° N. The plant-beds of Greenland, 
except in a very few localities where there is evidence of marine 
conditions, are entirely freshwater in origin, and contain no other 
fossils but plants. Heer’s classification of these beds into the 
Kome, Atane, and Patoot Series has been generally adopted. In 
1921 collections were made by Mr. R. E. Holttum and myself from 
Cretaceous and Tertiary deposits in Western Greenland, and I hope 
in the near future to give a general account of the older floras. It 
is doubtful whether Heer’s threefold division rests upon a satis- 
factory basis: there are indications of a much more intimate con- 
nexion between the floras, which he assigns to different Cretaceous 
series, than Heer supposed. The most interesting feature botanically 
is the mixture of certain Ferns, species of Ginkgo, some Conifers, 
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and a few other plants, which appear to be indistinguishable from 
members of European and North American Wealden floras, with a 
considerable number of Dicotyledons. No Flowering Plants have 
been found among the many specimens collected from Wealden 
strata in England, and there is an almost complete absence of 
undoubted representatives of that class in all known Wealden 
floras. In the Cretaceous vegetation of Greenland Flowering 
Plants played a conspicuous part, and it is customary to assign the 
strata to a position considerably higher than the Wealden Series. 
It may be that within the Arctic Circle some of the older 
Cretaceous forms persisted longer than in more southern regions, 
and became the associates of species belonging to the present 
dominant class. It is often stated that Flowering Plants began 
their surprising career in the early days of the Cretaceous Period. 
They have not been found abundantly in rocks older than the 
Lower Cretaceous, but the Class is undoubtedly pre-Cretaceous in 
origin. Some years ago I described a leaf from the Stonesfield 
Slate which it is difficult to believe was not borne by some 
Dicotyledon. More convincing and much more important evidence 
was briefly outlined a few years ago by Mr. Hamshaw Thomas, 
based on examples of Angiospermous fruits enclosing seeds, dis- 
covered by him in the Jurassic rocks of Yorkshire. The full 
account of this new type is awaited with more than ordinary 
interest. The apparently sudden production and rapid spread 
of new forms of Vascular Cryptogams and Gymnosperms in the 
latter part of the Triassic Period inaugurated a distinct series of 
floras which, with frequent modifications, persisted to the end 
of the Wealden phase: the sudden rise to prominence of the 
Flowering Plants was the cause of a change in the balance of 
power in the plant-world, strictly comparable with that which 
occurred in the early days of the Mesozoic Era. 

It is noteworthy that several Greenland and North American 
plants have been recently described by Dr. A. N. Krishtofovich 
from Cretaceous beds in the island of Sakhalin. 


One of the most serious difficulties confronting the student of 
post- Wealden floras, in which Dicotyledons took a leading part, is 
the accurate determination of leaf-impressions usually unaccom- 
panied by reproductive organs. Enthusiastic paleobotanists and 
others who, without much experience of recent plants, have en- 
deavoured to interpret the botanical records, have often been led 
astray in their conclusions by the temptation to accept as evidence 
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of affinity characters that have little or no taxonomic value, and 
by neglecting the laborious duty of making as wide a comparison 
as possible between fossil and recent species. It has been demon- 
strated that even detached leaves, if the preservation is adequate, 
are well worthy of careful study. In this connexion an apprecia- 
tive reference may be made to Miss H. Bandulska’s recent descrip- 
tions of the leaf characters of some English Tertiary species of 
Dicotyledonous leaves. I am convinced that, if full advantage be 
taken of the experience and knowledge of botanists familiar with 
families of living Angiosperms, the rich material obtained from 
Cretaceous and Tertiary rocks is capable of yielding results of 
great importance. 


Attention may be called to two of the many questions with 
which the student of the past history of Flowering Plants is 
concerned: (1) the wanderings of genera from one region to 
another, and (2) the evidence afforded by fossil Angiosperms of 
climatic change. The Arctic Cretaceous and Tertiary floras of 
Greenland and other northern lands need thorough revision and a 
more careful comparison than they have as yet received with floras 
that still exist. If we confine ourselves for the moment to a few 
among many trustworthy identifications by American and Huropean 
paleobotanists, the question at once arises,—are we justified in 
assuming that the occurrence of a plant within the Arctic Circle 
generically identical with species now characteristic of the tropics 
implies a change comparable with that indicated by the geographical 
separation of the fossil from the existing species? Nathorst 
discovered leaves and flowers of an Artocarpus in the Cretaceous 
rocks of Disko Island, which are hardly distinguishable from those 
of the recent tropical Bread-fruit tree Artocarpus ineisa, and in 
1921 Mr. R. EH. Holttum and I found fragments of the same genus 
at another Greenland locality. Of the Ferns that we collected 
about 300 miles north of the Arctic Circle the genus Gletchenttes 
was by far the commonest: it is represented by specimens of dicho- 
tomously branched fronds practically identical in habit, in the 
structure of the sporangia, and in the arrangement of the vascular 
tissue in the leaf-stalks, with species of Glezchenia which are 
to-day the most familiar Ferns in the tropics. 

With the Gleichenias and other genera, which recall tropical 
plants of recent floras, occur many Dicotyledons, some of which 
are also tropical; but others, especially the abundant leaves of a 
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Platanus, which are almost identical with those of the living 
Plane-tree, suggest temperate or south temperate conditions. One 
of the most persistent and far-travelled Gymnosperms in Jurassic, 
Cretaceous, and Tertiary floras is the genus Ginkgo or Ginkgottes. 
We collected many well-preserved leaves of this genus in the plant- 
beds of Upernivik Island a short distance north of lat. 71° N., 
which in the form of the lamina, in the venation, and in the 
structure of the epidermal cells and stomata, differ in no single 
feature that can be regarded as fundamental from the leaves of 
the Maidenhair tree. But what is the value of Ginkgo as a 
thermometer of past ages? The tree is believed to be extinct in 
an absolutely wild state: it doubtless survived in China, where 
indeed it may still be found beyond the limits of civilization, 
longer than in any other part of the world. To-day it grows freely, 
and occasionally flowers, in England as in more southern countries, 
readily adapting itself to a wide range of climatic conditions. The 
occurrence of the genus in Greenland, Spitsbergen, Franz Josef 
Land and in several other Arctic regions does not justify the as- 
sumption of a mean temperature higher than that of temperate 
latitudes at the present day. Another widespread Gymnosperm, 
characteristic of Tertiary strata, is Sequoiites Langsdorfii from 
Ellesmere Land in lat. 77° N.: Nathorst recorded the occurrence 
of numerous carbonized twigs, which can be picked out of the 
matrix like old herbarium specimens, practically identical with 
those of the Redwood that is now restricted to the Pacifie border 
of California. 

The knowledge that many recent plants can live and reproduce 
themselves in Arctic as in temperate lands, and our experience of 
the possibility of introducing tropical species to cooler regions, 
should warn us against hasty generalizations on the subject of 
fossil plants as tests of climate. It is in the highest degree 
probable that in the course of ages the constitution of a plant 
changes ; its power of response may become impaired and operative 
within narrower limits. As Mr. C. E. P. Brooks has shown in 
his helpful book, ‘The Evolution of Climate’, it is possible to 
form a fairly accurate estimate of the effect produced by alteration 
in the distribution of land and water over the Earth’s crust. Even 
assuming that the axis of the Harth may be moved without reversing 
the verdict of astronomers, no position of the Poles has been dis- 
covered which would solve the problem that we are considering. 
It is impossible to deal adequately with the subject of Palzoclima- 
tology, on which there is a voluminous literature. The general 
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tendency of authors is, I think, to adopt too rigid an attitude 
towards plants as criteria of climatic changes. 

I have endeavoured to show that paleobotanical evidence points. 
to one conclusion: the Greenland ice-sheet is the expression of a 
comparatively recent phase of earth-history in sharp contrast to: 
the more favourable climatic environment that is reflected in the 
procession of ancient floras. The vegetation which clothed the 
Arctic plains or relatively low hills in the ages that have passed 
was merely an extension of that which flourished in districts much 
farther south; it was not comparable in facies to the vegetation 
which in these abnormal, modern days has been compelled to 
assume a distinctive Arctic character. 


The later stages of the history of the plant-world have in recent 
years received attention at the hands of many workers. I would 
refer especially to the admirable researches of Mrs. E. M. Reid 
and Miss M. E. J. Chandler in this country who, by adopting and 
extending the method of attack successfully employed by the late 
Mr. Clement Reid, have given us a clearer insight into the series. 
of events chronicled in the scattered relics of Tertiary and post- 
Tertiary floras which preceded and immediately followed the latest 
Glacial Period. 


After a long and rapid traverse from the first colonization of the 
land through the dim vistas which lie between, we reach the more 
familiar world of living plants. A retrospect into the remote past 
reveals many interruptions in the historical narrative, many missing 
pages in the most exciting parts; but, imperfect though it be, 
knowledge acquired by intercourse with the plants which were: 
increases our respect for those which are. The tapestry of 
vegetation rejoices the hearts of us all; its beauty can be seen by 
unquestioning eyes; but I like to think that a desire to discover 
the methods by which it was fashioned quickens our imagination, 
and makes us more responsive to the Poet’s fancy : 

‘The herded Pines commune, and have deep thoughts : 
A secret they assemble to discuss 
When the sun drops behind their trunks which glare 
Like grates of hell.’ 
The rocks give us the material for our work ; but it is only close 
contact with the living world which makes us realize that the 
Past, the Present, and the Future, ‘all are but parts of one 


stupendous whole’. 
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February 27th, 1924. 


Prof. W. W. Warts, Se.D., F.R.S., Vice-President, 
in the Chair. 


Edward Patrick Corbett-Sullivan, 88 Queen’s Gate, S.W.7; 
David Hartley Foster, B.Sc., 5 Frederick Road, Wylde Green, 
Birmingham; Mabel Elizabeth Tomlinson, B.A., M.Sc., Poles- 
worth, Tamworth (Staffordshire); and Howel Williams, B.A., 
M.Sc., 188 High Park Street, Liverpool, were elected Fellows of 
the Society. 


The List of Donations to the Library was read. 


The following communication was read :— 


‘Age and Origin of the Lough Neagh Clays. By William 
Bourke Wright, B.A., F.G.S. 


March 12th, 1924: 


Prof. W. W. Warts, Se.D., F.R.S., Vice-President, 
in the Chair. 


Douglas Wallace Bishopp, A.R.S.M., Mazapil Copper Company, 
Aranzazu, Concepcion del Oro, Zacatecas (Mexico) ; William Ion 
Collins, B.Se., 18 High Street, Northfleet (Kent); and Harold 
William Cornes, B.Sc., 25 Macdonald Road, Friern Barnet, N. 11, 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


_ L. ‘ Descriptions of Gasteropoda, chiefly in the late Mrs. Robert 
Gray’s Collection, from the Ordovician and Lower Silurian of 
Girvan.’ By Jane Longstaff (née Donald), F.L.S., F.G.S. 


2. ‘The Old Red Sandstone of the Cardiff District. By 
Albert Heard, M.Sce., F.G.S., and Richard Davies, M.Se. 


Specimens of Ordovician and Lower Silurian Gasteropoda were 
exhibited by H.M. Geological Survey and by the Geological 
Department of the British Museum (Natural History), on behalf 
of Mrs. Jane Longstaff. 
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March 26th, 1924. 
Dr. J. W. Evans, C.B.E., F.B.S., President, 


in the Chair. 


Agnes Elizabeth Bamber, M.Nc., 14 Watkin Terrace, North- 
ampton; Leonard Charles Coe, B.Sc., Ringwood, Kingsland Road, 
Worthing; John Hancock, B.Se., Lane Ends, Sandwell Street, 
Walsall (Staffordshire) ; and Gordon Murray Stockley, A.R.C.S., 
A.LC., Geological Survey, c/o Public Works Office, Kingston, 
Jamaica (B.W.I.), were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The PrestpeNr’ announced that the Proceeds of the Daniel- 
Pidgeon Fund for 1924 had been awarded to Krennnru Srvuarr 
SanprorpD, B.A., D.Ph., F.G:S., University College, Oxford, who 
proposes to investigate the Pleistocene Geology of the Thames 
Basin, west of Goring Gap. 


The following communications were read :— 


1. ‘The Fossil Elephants of the Upper Thames Basin.’ By 
Kenneth Stuart Sandford, B.A., D.Ph., F.G.S. 


2. ‘Some Upper Viséan Corals of the Genus Caninia. By 
Herbert Price Lewis, B.A., F.G.S. 


Drawings, etc. by the late Dr. John McCulloch, F.R.S. (Presi- 
dent of the Geological Society, 1816-1818), and books from his 
Library, presented to the Society by Miss E. Estridge, were 
exhibited. 

Specimens of the teeth of Fossil Elephants from the Upper 
Thames Basin were exhibited by Dr. K. 8. Sandford; and speci- 
mens of Upper Viséan Corals of the Genus Caninia were exhibited 
by Mr. H. P. Lewis, in illustration of their respective papers. 


April 9th, 1924. 


Dr. J. W. Evans, C.B.E., F.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 
VOL. LXXx. h 
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The following communications were read :— 


1. ‘The Voleanic Series of Roch, Trefgarn, and Ambleston 
(Pembrokeshire).’ By Herbert Henry Thomas, M.A., Se.D., 
F.G.S., and Prof. Arthur Hubert Cox, D.Se., Ph.D., F.G.S. 


2. ‘On an Olivine-Rhyolite in the Tertiary Volcanic Series of 
Eastern Iceland.’ By Leonard Hawkes, M.Sc., F.G.S. 


The PrestpEnt showed the Morte Slate fossils from Barricane 
Beach described by himself and Mr. R. W. Pocock some years ago, 
and presented to the Geological Survey. He had since had the 
opportunity of comparing them with those figured by the late 
Dr. Henry Hicks, and now preserved.in the Sedgwick Museum at 
Cambridge. He was satisfied that the Spirifer was in both cases 
verneuilt and that the age of the beds was Upper Devonian. The 
good preservation of one example was due to a local arenaceous 
facies of the rock which did not take the cleavage. 


A specimen of ‘cone-in-cone’ structure from the South Wales 
Coal Measures, Waencoed Colliery, near Newport (Mon.), was 
exhibited by the Rt. Hon. the Lord Boston, F.G.S. 

Specimens of voleanic rocks from Pembrokeshire were exhibited 
by Dr. H. H. Thomas & Prof. A. H. Cox, in illustration of their 
paper; and specimens trom the olivine-rhyolite flow of Eastern 
Iceland were exhibited by Mr. L. Hawkes, in illustration of his 


paper. 


May 7th, 1924. 


Dr. J. W. Evans, C.B.E., F.R.S., President, 
in the Chair. 


Eric J. Bradshaw, B.A., B.A.I.(Dublin), Assistant Superinten- 
dent, Geological Survey of India, Caleutta ; John Reginald Jones, 
B.A., 300 Newport Road, Cardiff; and Maurice Plevins Latter, 
B.A., Weald Place, Sevenoaks (Kent), were elected Fellows of 
the Society. 


The List of Donations to the Library was read. 


The following communication was read :— 


‘The Silurian Rocks of the Clwydian Range, from Moel Arthur 
to Gyrn. By Mrs. Ethel Gertrude Woods, D.Sc., F.G.S., and 
Miss Margaret Chorley Crosfield, F.G.S. 
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Specimens of Silurian rocks and fossils from the Clwydian Range 
were exhibited by Mrs. E. G@. Woods & Miss M. C. Crosfield, in 
illustration of their paper. 


May 21st, 1924. 


Dr. J. W. Evans, C.B.E., F.R.S., President, 
in the Chair. 


Lawrence Fayrer Arnold Edgell, B.A., Beckley Rectory (Sussex), 
was elected a Fellow of the Society. 


The List of Donations to the Library was read. 


Mr. Cart AponpH Sussmincn, F.G.S., delivered a lecture on 
the Geological History of South-Eastern Australia, 
with special reference to the Carboniferous and Per- 
mian Periods. The Lecturer pointed out that rocks of definite 
Archzeozoic age occur only over a limited area in the western part 
of the State; they contain the important silver—lead—zine ore- 
deposits of the Broken Hill District. Proterozoic strata are limited 
also to the same area; these contain glacial tillites which have 
usually in the past been considered Cambrian, but they are 
probably of pre-Cambrian age. No undoubted Cambrian strata 
are known to occur in New South Wales. 

Ordovician strata are very extensively developed, both in New 
South Wales and in Victoria: they consist mainly of claystones 
with some fine-grained sandstones, and contain an abundant 
graptolite-fauna. Both Lower and Upper Ordovician strata are 
found in Victoria, but so far only the latter have been identitied in 
New South Wales. 

Silurian strata are developed over extensive areas in New South 
Wales, particularly in the southern and central parts of the State, 
and extend also through the centre of Victoria; in addition to 
claystones, there is a considerable development of limestones, indi- 
vidual beds ranging up to 550 feet in thickness. An abundant 
eoralline fauna is preserved in these limestones, and there are also 
many brachiopods and hydrozoa. 

The sea appears to have retreated from the land at the close of 
the Silurian Period in South-Eastern Australia, but renewed trans- 
gressions of limited extent took place early in the Devonian Period. 
The sedimentation which took place in these areas in Lower and 
Middle Devonian times was accompanied by very extensive de- 
position of lavas and tuffs, this being one of the important 
voleanie epochs of South-Eastern Australia. Thick coralline 
limestones were also deposited during that age. Important 
crustal movements took place at the close of Middle Devonian 
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times, followed by an extensive transgression of the sea in New 
South Wales in the Upper Devonian Period, a transgression which 
extended from the present south-eastern coast almost to the far 
western boundaries of the State. In the strata deposited in this 
epicontinental sea an abundant brachiopod fauna is preserved, as 
also numerous fish-remains. Important crustal movements took 
place at the end of the Devonian Period, which brought about a 
complete withdrawal of the sea; much of South-Eastern Australia 
has not since been beneath the sea. 

Early in the Carboniferous Period a geosyncline developed in 
North-Eastern New South Wales, and in this was first deposited a 
series of marine strata in the latter part of Lower Carboniferous 
times. Following a withdrawal of the sea, an extensive series of 
terrestrial beds was deposited in this area in Middle and Upper 
Carboniferous times; these terrestrial strata consist mainly of con- 
glomerates, voleanic rocks (lavas and tuffs), and glacial beds, of 
an aggregate thickness approaching 10,000 feet. The glacial beds 
are of such a thickness and volume as to imply intense and 
long-continued glaciation. Associated with these deposits is a 
characteristic Rhacopteris fossil flora. 

In Permian (Permo-Carboniferous) time an alternating series of 
marine and freshwater beds was deposited in the north-eastern 
part of New South Wales, and these extend far northwards into 
Eastern Queensland. The freshwater beds contain the most pro- 
ductive coal-measures of Australia, and associated with the coal- 
seams is the characteristic Glossopteris flora. The glacial conditions 
of the Carboniferous Period continued also far into the Permian 
Period, but with apparently reduced intensity. The Permian Period 
closed in North-Eastern New South Wales and South-Eastern 
Queensland with pronounced orogenic movements, accompanied by 
granitic intrusions; but elsewhere in New South Wales, and 
throughout Victoria and ‘Tasmania, no earth-folding took place at 
that time. 

In the Trias-Jura Period the whole of Eastern Australia stood 
above the sea, and extended far east of the present shore-line. 
Upon this land there developed a number of large lake-basins, in 
which several thousands of feet of freshwater strata were deposited ; 
and in some areas productive coal-measures were formed. 

In the Cretaceous Period a transgression of the sea began in the 
north, and extended southwards over Central Queensland into 
Northern New South Wales, and well into Central Australia. At 
the beginning of the Tertiary Era a tilting of the Australian con- 
tinent on an east-and-west axis caused the Cretaceous sea to retreat 
northwards, and allowed of transgression taking place over con- 
siderable areas in the south, incidentally separating Tasmania from 
the mainland. 

The close of the Tertiary Era was marked by a great epeirogenic 
uplift in Eastern Australia, which produced the existing table- 
lands that trend parallel to the eastern coast of Australia. The 
elevation of these tablelands was accompanied by extensive block- 
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faulting. During the Pleistocene Period limited high areas in 
New South Wales and Tasmania supported glaciers and ice-sheets ; 
more recently, a subsidence of the land (or raising of the sea-level) 
drowned the shore-line to an extent of about 200 feet, and still 
later an upward movement of the strand-line of some 10 to 20 feet 
has taken place. 


A cordial vote of thanks was unanimously accorded to the 
Lecturer by the Fellows present. 


Specimens. of glacial conglomerate from Bacchus Marsh, and a 
specimen of Fenestella from the Permo-Carboniferous of Allan- 
dale, Maitland (N.S.W.), were exhibited by Mr. G. W. Lamplugh, 
ER... F.GS. 


June 4th, 1924. 


Dr. J. W. Hvans, C.B.H., F.R.S., President, 
in the Chair. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘On a New Catopterid Fish from the Keuper of Nottingham.’ 
By Prof. Henry Hurd Swinnerton, A.R.C.8., D.Se., F.G.S. 


2. ‘A Preliminary Survey of Metamorphic Zones in the Southern 
Highlands of Scotland.’ By Cecil Edgar Tilley, Ph.D., B.Sc., 
Asi C.,1G.S. 


June 25th, 1924. 


Dr. J. W. Hvans, C.B.E., F.R.S., President, 
in the Chair. 


Robert Ashley Baldry, B.A., Lobitos, Paita (Peru); James 
William Pardoe, A.K.C., Ivanhoe, Boundary Road, Wood Green, 
N. 22; and Donald Parkinson, B.Sc., 61 West View, Clitheroe 
(Lancashire), were elected Fellows of the Society. 


The Names of certain Fellows of the Society were read out 
for the first time, in conformity with the Bye-Laws, Sect. VI, 
Art. 5, in consequence of the non-payment of the arrears of their 
Annual Contributions, 


civ PROCEEDINGS OF THE GEOLOGICAL SoctEety.  { vol. lxxx. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The River-Deposits of the Lower Valley of the Warwick- 
shire Avon.’ By Miss Mabel Elizabeth Tomlinson, B.A., M.Sc., 
F.G.S.; with an Appendix by Alfred Santer Kennard, A.L.S., 


? 


F.G.S., & Bernard Barham Woodward, F.L.S., F.G.S. 


2. ‘On the Development of Leptoplastus saltert Callaway and 
other Trilobites (Olenidie, Ptychoparidze, Conocoryphidee, Phaco- 
pide, and Mesonacide).’ By Frank Raw, B.Sc., F.G.S. 


Spherical flints and a bored stone from the river-terraces of the 
Avon valley were exhibited by Miss Tomlinson, in illustration of 
her paper; and an extensive series of lantern-slides was exhibited 
by Mr. Raw, in illustration of his paper. 


THE 
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For 1924. 


1. On Reprintan Remains from the Karroo Beps of East 
Arrica. By Stoney Henry Haveuron, B.A., D.Sc., F.G.S8. 
(Read January 24th, 1923.) 


[Puatres I & II.] 


Tue fossil remains described and discussed in this paper were 
taken from about the middle of the Karroo Beds near Tanga, on. 
the coast of the Tanganyika Territory, by Mr. F. P. Mennell, 
F.G.S., who was good enough to forward the specimens to me for 
examination. They consist of portions of three animals, of which 
one is too weathered and too fragmentary for investigation. The 
other two are preserved on slabs of hard, blackish, somewhat 
micaceous shale; the more complete animal is smaller than the 
other, but, as will be seen in the sequel, in other respects they are 
sufficiently similar to be considered representatives of the same 
species. 

It is not necessary to dwell on the importance of Mr. Mennell’s 
discovery. From extra-South African areas very few of its animals 
have been found within the ancient boundaries of Gondwanaland : 
that some of them were spread outside its confines is well-known ; 
but hitherto there has been a big geographical gap between the 
South African localities yielding a Gondwana fauna and those of 
Europe. This discovery marks the first step in the bridging of 
that gap; and I am extremely grateful to Mr. Mennell for giving 
me the opportunity of placing it on record. 

Of the described specimens, the smaller and better is placed in 
the Rhodesian Museum, Bulawayo; the other is in the collection: 
of the South African Museum at Cape Town. 


Q:J5.G.8. No. 317. B 
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Smaller Skeleton. 


As preserved, the specimen has a length of about 380 mm. 
There are missing, however, the whole of the front third (at least) 
of the skull and a considerable portion of the tail. It is probable 
that the head, neck, and body had a combined length of about 
23 em., and that the tail—of which 165 mm. are seen—was con- 
siderably longer than the presacral portion. 

The skeleton is crushed flat and displayed from the ventral side, 
a large number of the bones having been split horizontally in the 
splitting of the shale. From a point about 8 em. behind the sacrum 
the tail has been twisted through a right angle, so that thence to 
the end of the slab it is seen in lateral view. The animal is wholly 
articulated. The fore-limbs are stretched backwards alongside the 
body ; the hind-limbs are flexed at the knee—the femora standing 
out from the body, the lower portions of the legs pointing back- 
wards parallel to the axis of the body. 


Skull.—tThe portion of the skull that remains is preserved in 
palatal aspect, and the details of its structure are difficult of deter- 
mination. In shape the skull was elongate and narrowly trian- 
gular, with a maximum breadth posteriorly of about 22 mm. and 
a probable length of between 50 and 60 mm., of which 38 mm. 
are present. No teeth are visible. 

In the back part of the skull there is a triangular median area 
of bone, bounded laterally by curved swollen edges which seem to 
have a definite posterior end. Between the ends of these is 
possibly a transverse suture, separating the triangular plate from a 
small flat bone lying behind it. The triangular plate is continued 
forwards as a short median keel—formed by the union of the 
swollen lateral edges of the plate—on each side of which are small 
flat plates of bone. This region may be considered the base of the 
skull—the posterior bene being the basioccipital, and the other 
larger bone the basisphenoid, with definite flat basipterygoid 
processes. 

The pterygoids seem to meet in the middle line, there being no 
interpterygoid vacuity. The posterior palatal vaeuity is narrow, 
and not very long. ‘The internal nares are not in the posterior 
half of the skull. 

The whole of this interpretation is open to doubt, and no reliance 
is placed upon it in the subsequent consideration of the affinities of 
the animal. 


Vertebrae.—lIt is highly probable that the vertebral column 
is notochordal. 

The neck is short. The number of cervicals is doubtful, as they 
are largely obscured by the bones of the shoulder-girdle; but it 
was almost certainly not greater than seven. 

There are apparently eighteen presacrals. The centrum of each 
is about 7 mm. long and 6 mm. broad at the ends. The posterior 
dorsals at least carry long transverse processes. 
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There are three sacral vertebra fused together. 

Twenty-four caudals are preserved. The first ten are cut through 
horizontally, and show short broad centra with long transverse pro- 
cesses. ‘The remainder are twisted through a right angle, and have 
fairly high, long, flattened neural spines, distinct zygapophyses, 
and large chevrons, the distal half of each of which is expanded 

and laterally compressed. The 


posterior part of the preserved 
portion of the tail was obviously 
flattened from side to side in 
14 life, and was powerful. The 
: chevrons of the anterior caudals, 
beginning at the third post- 

SS sacral vertebra, are small. 
tibs.—The ribs are single- 
headed, fairly short, and not 
@* | expanded distally. There are 
numerous fine abdominal ribs, 
; which are not articulated and 
. the true arrangement of which 


intermedium 
First to fourth carpals. | 


v 


Outline drawing of the ventral view of 
Natural size 


: + 
o aS 
S | 
= =| : 
3 S is not seen. 
Q ei 
XY 
7) i : 
<< a) Shoulder-girdle.—The 
S . 
RS 3 scapula is badly preserved, but 
= S a e 
Ss -¢ was probably short. The cora- 
aS s # coids are large, meeting one 
SS another in the middle line above 
@ @ the interclavicle. The cora- 
ay S As 5 - 2 ; 
ane 52 coidal element is single. The 
or 3 ll || posterior border just below the 
ee 5 glenoid cavity is concave, and 
= 8 there is a coracoidal foramen 
2 =  2pproximately in the middle of 
= oa 3 the bone. 
et . . . 
ans a The clavicles are rib-like bones 
B iad : 
Be Eq the ends of which are not seen. 
ah \| = = The interclavicle has a thin lan- 
& &&  ceolate median splint underlying 
| {if | | the junction of the two cora- 
ua) f] H*  coids, and passing back to the 
oe sternal plate. The sternum is 
Fe Y 


26 mm. long and 26 mm. broad, 
of a rounded shape, touching 
the coracoids anteriorly. Its border does not seem to be notched. 


Fore -limb.—The humerus is 86mm. long. It is an extremely 
massive bone, with a breadth of 17 mm. at the distal end. The 
proximal end is not entire, being split in a plane parallel to that 
of the distal end; but it was probably expanded in a see at 

B 
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right angles to this, and the whole bone was thus of a twisted 
form. The shaft is 9mm. broad at the middle; below this it 
swells to the distal end, but the swelling takes place almost entirely 
on the ulnar side of the bone, the radial edge being nearly straight. 
There is a well-developed entepicondylar foramen. 

The radius is 21°5 mm. long, about half a millimetre longer than 
the ulna. The ulna isa straight bone, the radius slightly doubly 
bent. The ends of each are but slightly swollen. The proximal 
end of the radius is simply convex; that of the ulna has its radial 
half obliquely convex, while its outer half is flatter and almost at 
right angles to the length of the bone. The distal end of each 
bone is cushioned. 

The carpus consists of ten bones. The proximal row is formed 
by the radiale, intermedium, and ulnare, of which the last is the 
biggest and the first the smallest. There are two centralia, one 
lying distal to the intermedium and also touching the ulnare ; the 
other, and smaller, lying between the first centrale and the row of 
carpalia. There are four carpalia arranged in an are, the fourth 
and first being larger than the others. 

The digital formula is 23453. 

Measurements in millimetres of the lengths of the metacarpals 
and phalanges are as. follows :— 


il Il. re IV. Vie 
Metacarpaly carom) > 7 75 8 5 
Pivallariste | wee. aera 5 55 5 5 5 
Phalanx 2 4 45 55 4 55 
Phalanx 3 — 4, 5 45 4 
Phalanx 4 — — 4 4, — 
Phalanx 5 — — — a5 


Oba sie Beets 14. 21 o7 29 19°5 


Fig. 2.—Outline drawing of the sacral region of 
the smaller specimen: Natural size. 


[F=Femur JI=Ischium, Il=Ilium. p=pubis.) 
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_Pelvis.—The ilium was at least 22 mm. long. Its shape is not 
discernible, but the post-acetabular portion is much longer than 
the pre-acetabular. The post-acetabular process was thin, while 
the bone was thicker in front. 

The pubis is small—a slightly elongated plate-like bone expanded 

proximally. The greatest 

Fig. 3.—Outline drawing of the right \ength is 15 mm., the 

hind limb (ventral view) of the proximal width 10°5 mm., 

smaller specimen. Natural size. and the distal width 7 

mm. No pubic foramen 
can be seen. 

The ischium is not well 

enough displayed for de- 

seription. 


Hind - limb.-—- Com- 
pared with the massive 
humerus, the femur is a 
very slender bone, slightly 
S-shaped, showing no 
evidence of a trochanter 
on the shaft. Its length 
is 89 mm. 

The tibia and fibula 
are long slender bones, 
very slightly swollen at 
the ends. The tibia is 
34 mm. long, the fibula 
Sul smaioa, 

The tarsus on each side 
is seen—the bones being 
mainly in section or oc- 
curring as moulds. In 


\| the proximal row there 
[7 are two large bones, which 
[7 \/ meet in a long articula- 


7a 


tion broken in the middle 


by a small foramen, in 

lf the border of which each 
bone plays a part. The 

) inner bone articulates 
with both tibia and fibula 

)) and is identified—follow- 


ing Broom’s recent work 


Sh Pome gr ibla sti Bibala, fy i on the Reptilian Tarsus 


intermedium. f=fibulare. t=tibiale. ——*% the intermedium. 
1-4=first to fourth tarsals. ] The other has a rounded 


outer edge which stands 
out as a heel, and is the fibulare. Distal to the intermedium is a 
smaller bone, somewhat rhomboidal in outline, which articulates 
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with the Ist, 2nd, and 3rd tarsalia distally and with the 4th tarsal 
laterally. This is the tibiale. Of the tarsalia, the 4th is a large 
bone articulating with both the intermedium and fibulare, and 
supporting the Ath and 5th metatarsals; the 1st, 2nd, and 3rd are 
small, and each supports a metatarsal. 

The digital formula is 23454. 

The length in millimetres of the metatarsals and phalanges of 
the digits is as follows :— 


il ue Ill Tie Vic 
Metatarsal ......... 8 14 ily 17 14 
valance lee 65 65 73) 10°5 11 
Phalanx (2 eee.cseee 5 65 65 7 75 
JON FINS Shae can aac — 5 6 6 6 
Phalanx 4 ......... — — 55 55 4, 
Rhalanxe Si s.5.c. 8 — —_ oo 5 == 
Rotails) cee 19°5 32 42°5 61 42°5 


The fifth toe is thus as long as—or perhaps slightly longer 
than—the third. 


Larger Skeleton. 


In the larger skeleton the vertebral column is disarticulated, 
except for a portion of the tail, and the isolated vertebrie are seen 
either in longitudinal or in transverse section. The head and 
neck are missing. Of the shoulder-girdle, the coracoids, inter- 
clavicle, and sternum are preserved. The limbs are present, 
but the bones of the feet are disarticulated. An ischium can be 
distinguished. 


Vertebrae.—The mid-dorsal vertebre are 8 mm. long and 
15 mm. high. Each has a high long flat neural spine and a large 
neural canal. The notochord was persistent. The centra are 
slightly constricted in the middle. There are no intercentra. 

A section through a sacral vertebra 15 mm. high shows a 
greatly reduced dorsal spine, a large neural canal, and transverse 
processes, 10 mm. long, on each side arising from the top of the 
centrum, and forming the sacral ribs. 

The anterior caudals also have well-marked transverse processes. 
The mid-caudals have neural spines similar to those of the mid- 


dorsal region, and the chevrons here are large, with an expanded 
and flattened end. 


Ribs.—The ribs are single-headed, fairly short, and not swollen 
distally. 


Shoulder-girdle.—The shoulder-girdle is imperfectly pre- 
served. The scapule are not present. The coracoids are large, 
and are so displaced that they do not meetin the middle line. The 
coracoidal border is notched behind the glenoid cavity, and there 
is a coracoidal foramen. In front of the coracoids are portions of 
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splint-like bones which must have been the clavicles. The 
interclavicle gives evidence of spreading anteriorly to form a bone 
with a rhomboidal head. 

The sternum is large, its lateral edges being notched for the 
reception of sternal ribs. It is 30 mm. long, and as broad as it is 
long. 


Fore-limb.—The humerus—preserved only in section—is 
massive and very similar to that of the smaller skeleton. It is 
47 mm. long, the same length as the femur. It is strongly ex- 
panded distally, and has an entepicondylar foramen. As in the 
smaller specimen, the distal expansion is almost entirely due to 
the swelling of the ulnar side of the bone. 

The radius and ulna call for no comment. The former is 
28 mm., the latter 29 mm. long. 

The carpus and hand are preserved; but the bones are all dis- 
placed from their true positions. 


Pelvis.—An ischium is preserved, mainly as a mould. I¢ is a 
plate-like bone, with a length of 19 mm. and a maximum breadth 
of 155mm. Its outer edge is concave, the posterior edge straight. 
Its inner anterior corner is notched, indicating the presence in the 
complete pelvic basin of a small ischio-pubie vacuity. 

The pubis is incomplete, but shows a well-marked pubic foramen 
near its posterior border. 


Hind -limb.—The hind-limbs' are strongly flexed at the knee, 
and the bones of the feet are separated one from the other; but 
it is possible to measure the various phalanges for purposes of 
comparison with the other specimen. 

The femur is 47 mm. long, slightly sigmoidal in outline, with no 
separate capitulum but a pronounced step in the outline at the 
lesser trochanter. Its proximal width is 11 mm.; the distal end 
is well rounded in section. The minimum width of the shaft is 
6 mm. 

The tibia is 40 mm. long and slightly bowed. Its ends are not 
much expanded. The fibula is more slender than the tibia, and 
37 mm. long. The bones of the tarsus are displaced. 

The following table gives the lengths of the bones of the toes, 
measured in millimetres :— 


ile Ta Le Vie V. 

Metatarsal ...... 8 15°5 18°5 20°65 16.5 
Phalanx dence Tio) ‘ Te5 9 10°5 12 
Phalanx 2) eeces f 7 Zh i 8 
Pinalanxcrs ance — 5 7 Uf 7 
Phalanx 4 ...-.. = — 5 65 5 
Phalanie 6) cere = = — 56 — 
Totalsac..:a 2275 35 46°5 57 48°5 


Comparison of this table with that given for the pes of the 
smaller specimen shows that there is a general similarity, but 
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that in the larger specimen the 4th metatarsal is longer than the 
8rd, whereas in the smaller specimen they are of equal length ; 
also that the 5th toe is longer than the 3rd, instead of being 
equal to it. In both the Ist phalanx of the 5th toe is the largest 
in the foot. The 5th metatarsal is much broader proximally and 
of stouter build than the others, but has no Rhynchocephaloid 
development. The claw of the Ist toe is stronger than the others. 


In neither skeleton is there any evidence of an armature of bony 
plates or ossicles. On the slab containing the smaller specimen, 
however, a few thin scale-like markings are preserved near the tail. 
The scales are elongate-rhomboidal in shape, and have a slight 
longitudinal median ridge. Each scale is 8 mm. long and 3 mm. 
broad; and the scales are so arranged that the free posterior borders 
of each overlap the anterior edges of the two lying directly behind 
it. 

There can be little doubt that the two specimens are closely 
related, and indeed, despite slight differences in structure, they will 
be considered here as two individuals of the same species. The 
form is certainly undescribed, and it is proposed to name it 
Tangasaurus mennelli gen. et sp. nov. It remains to con- 
sider the relations of this new genus to other known forms, and 
to discuss the evidence which it affords as to the age of the 
deposits containing it. 


In the absence of any exact knowledge of the structure of the 
skull, and especially of the nature of the temporal arches, it is 
impossible to define the position of Tangasaurus with any accuracy ; 
but certain interesting comparisons can be made in considering the 
post-cranial skeleton, bearing in mind the fact that, as indicated 
by its general structure, the form is a partial adaptation to aquatic 
conditions. 

Although Tangasaurus possesses certain primitive features, for 
instance, a plate-like pelvis, notochordal vertebre, digital formule, 
it can readily be distinguished from the primitive types usually 
called Cotylosaurs and recently combined as a sub-class by 
Broom under Williston’s name Anapsida; it is advanced in the 
direction of the Diapsida and Anomapsida, in that it has lost the 
anterior coracoidal element. The Anomapsida of Broom contain 
the Mesosauria, Sauropterygia, and a number of genera tentatively 
grouped by Prof. D. M. 8. Watson in the order Protorosauria ; 
and comparisons may first be drawn with some of these. 

Mesosaurus is a form similarly adapted to aquatic conditions. 
Points of resemblance between the two are (1) probably elongate 
face; (2) form of vertebree—expanded superiorly, perforated by 
notochord, amphiccelous, intercentra not present in the cervical and 
dorsal regions; (3) ribs single-headed; (4) coracoidal bone single ; 
(5) pelvis plate-like, with obturator foramen; (6) long tail; and 
(7) the presence of abdominal ribs. These points of resemblance 
are either primitive features, or due to aquatic specialization; and 
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against them must be set a number of features in which Tanga- 
seurus differs from the Upper Dwyka form. Tliese are (1) short 
neck ; (2) massive humerus, which isas long asthe femur; (3) the 
presence of a large rounded sternum; (4) no distal swelling of the 
ribs ; (5) neural spines of the tail and chevrons flatter and larger ; 
(6) claws stronger; and (7) the presence of only four distal 
carpals and four distal tarsals. These features are of varying im- 
portance; but the possession of five carpalia and five tarsalia was 
the chief ordinal character assigned by Baur to his Proganosauria ; 
and Tangasaurus cannot therefore be grouped in the order with 
Mesosaurus. 

Protorosaurus is not completely known. It, too, has vertebre 
with light neural arches, single-headed ribs, a large single cora- 
coidal bone, and an interclavicle with an expanded anterior end ; 
but the hind-limbs are considerably longer than the fore-limbs, 
and there is, apparently, no epicondylar foramen in the humerus. 

Kadaliosaurus, to which Areéoscelis is said to be closely allied, 
has a persistent, very slightly constricted notochord, single-headed 
ribs, two sacral vertebrae, hind- and fore-limbs of equal length, a 
single coracoid, a plate-like pelvis, claws on the toes, and a strong 
armature of abdominal ribs as in the new genus. On the other 
hand, the dorsal vertebre are long, the neck is long (dreoscelis), 
there is an ectepicondylar foramen, and possibly an entepicondylar 
as well (fide Williston), and the structures of the carpus and tarsus 
are different so far as they are known. 

Aphelosaurus differs in the slender humerus; but its dorsal 
vertebre are short, without intercentra, the cervicals are short, the 
coracoids are large, single, and meet in the middle line. 

Broomia has notochordal centra, but heavy neural arches ; it 
has intercentra throughout the vertebral column; its ribs are 
single-headed and slender; there are probably abdominal ribs ; the 
interclavicle has a rhomboidal head; the coracoidal bone is single, 
with a coracoid foramen; the pelvis is plate-like; the carpus is 
much more primitive than that of Zangasaurus, as is the tarsus. 

This short review shows that Tangasawrus cannot be considered 
as definitely allied to any of these forms, although some of them 
bear a certain amount of superficial resemblance. 


Among the Diapsida the only comparisons that can be usefully 
drawn are with the Eosuchide and Paleohatteria. The Kosuchide 
contain the primitive Thecodonts Youngina and ‘ Hosuchus a 
which latter may be allied to Heleosuchus. For details of the 
fragmentary skeleton of Youngina I am indebted to Dr. R. 
Broom. 

In Youngina the scapula is short and slender, and there is a 
single rounded coracoid, notched on its posterior border, with a 
coracoid foramen. There is a sternum composed of two separate 
plates, each lying behind a coracoid, and meeting in the middle. 
The humerus is twisted, with an expanded distal end and an 
entepicondylar foramen. The manus is unknown. The pubis 1s 
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plate-like, with a pubie foramen; and the pelvis of ‘ Hoswehus a8 
of a plate-like type, with the bones fairly similar to those of this 
new form, so far as comparisons can be made. In ‘ Hosuchus’ the 
tibia is longer than the femur, which is sigmoidally bent and, 
according to F. von Huene, like that of Protorosaurus. The tarsus 
of Youngina is fully known, and agrees well with that of TLan- 
gasaurus, except for the presence of a 5th tarsale. In the latter 
form, however, there is a considerable gap between the fibulare 
and the 5th metatarsal, and it is quite possible that there was 
a cartilaginous 5th tarsale. In Youngina, as in Tangasaurus, 
the 5th metatarsal is unspecialized and longer than the 2nd; 
in ‘ Hosuchus’ the 5th metatarsal is short, and has a specialized 
development similar to that of the Rhynchocephalia; in Heleo- 
suchus it is not specialized, but is much shorter than the 2nd 
metatarsal. 

Paleohatteria has five tarsalia, and no tibiale in its tarsus ; ib 
has intercentra throughout its column; its single coracoid is 
rather small; it possesses no sternum. In other respects it shows 
points of similarity with Tangasaurus. 

From the perusal of such a review one is driven, first, to the 
conclusion that, in the absence of a knowledge of such critical 
parts of the skeleton as the temporal region and the skull-basis, it 
is extremely unwise to draw definite conclusions as to the syste- 
matic position or affinities of a form; and, secondly, to the result 
that probably Zangasaurus is an aquatic adaptation of some early 
Diapsid such as Youngina, possessing an extremely powerful 
humerus, a large sternum, reduced carpus, reduced tarsus, elongate 
clawed toes and fingers, anda long powerful flattened tail. 

It must not be overlooked that this new genus has several 
lizard-hke characters. 


Age of the Deposit. 


The only record of fossils from the beds near Tanga is that 
made by W. Bornhardt who, in 1900, mentioned that in the lower 
part of the sequence he obtained plant-remains identified by 
Potenié as ‘stems of Ullmannia (Brachyphyllum type)’ and 
‘bracts of Voltziopsis’, assigned by him to the ‘ Upper Gondwana’ 
horizon. Bornhardt considered it hazardous to distinguish between 
the horizon of these beds and those of Nyasa and the Rufiji River, 
which contain Glossopteris, on the evidence afforded by the few 
plant-remains only. 

Glossopteris is a long-lived genus; it ranges in South Africa 
from the Eeca Series up into the Molteno Beds. Mr. Menneil 
informs me that he obtained it from a horizon just above that 
which yielded the remains described in this paper. 

If the supposed connexion of Tangasaurus with Youngina be 
justified, then we may consider the shales which contain it as ap- 
proximately the equivalent of the Middle Beaufort Beds (Lystro- 
saurus Zone) of South Africa. Youngina is from the uppermost 
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§. Il. H. photo. 


TANGASAURUS MENNELLT gen. et sp. nov. 


a 6) A 
(Larger specimen, X = of the natu ral size. | 
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zone of the Lower Beaufort Beds. The Thecodonts of the Upper 
Beaufort Beds, both the semiaquatic Krythrosuchus and the 
lightly-built Huparkeria, Mesosuchus, and Howesia are more 
advanced than Tangasaurus in the structure of the pelvis, to 
mention one point only. © Further evidence is necessary before any 
certain correlation can be made between deposits in areas so remote 
one from the other; but it is improbable that there is any serious 
error in considering the Tanga deposits as of, at least partly, 
Middle Beaufort age.! 


EXPLANATION OF PLATES I & II. 


PLATE I, 


Tangasaurus mennelli gen. et sp. nov. Larger specimen. X 


obo 


Prhate IT. 


Tangasaurus mennelli gen. et sp. nov. Smaller specimen. About a 
quarter of the natural size. 


Discussion. 


Prof. D. M.S. Warson thought that, judged solely from the 
photographs exhibited, the small reptile from Tanga was neither a 
Mesosaurian of Lower Permian or Carboniferous age, nor a Notho- 
saur of Middle Triassic date, but much more probably either (as 
the Author suggests) allied to Kuparkeria, or to Broomia and the 
lizards. If its systematic position can be accurately determined, 
it should give good evidence of the age of the deposits in which it 
is found. 


1 Mr. Mennell has since informed me that the Karroo rocks in the locality 
are several thousand feet thick, and that the fossils came from the middle of 
the Middle or Black Shale Series of the System, as developed near Tanga, the 
said series being over 2000 feet thick. The observations on the age of the 
beds, as determined by Tangasawrus must, therefore, be taken to refer only 
to the strata in which the fossil oceurs, and not as an expression of opinion 
concerning the entire System, or even of the Middle Series. 
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2. Les Gisements de MamMirbres Parkoctnes de la BELGIQUE. 
By Prof. Lours Doxto, Se.D., For.Mem.G.8., and Prof. 
P. Tenmmarp pe Cuarprn, D.Sc. (Read June 20th, 1923.) 
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I. InrRODUCTION. 


Nous avons, actuellement, quatre gisements de Mammitéres 
paléocénes, en Belgique. 
Ce sont, en les 6numérant dans l’ordre de leur découverte : 


HH 


Erquelinnes (Hainaut).! 
. Orsmael (Brabant).? 

. Leval (Hainant).* 

. Vinalmont (Liége).4 


bo 


me co 


L’un de ces gisements (Orsmael) ayant fourni, dans ces derniers 
temps, d’abondants matériaux, le moment parait opportun pour 
jeter un coup d’ceil sur ce quont, produit les quatre localités, en 
attendant l’apparition, dans les Mémoires du Musée royal d’His- 
toire naturelle de Bruxelles, de la monographie que prépare l’un de 
nous (P. Teilhard) sur les Mammitféres paléocénes de la Belgique. 


Il. Le GtsEMENT D’ ERQUELINNES. 


En 1880 M. A. Gravis, aujourd’hui Professeur de Botanique a 
PUniversité de Liége, découvrait, dans les sabliéres d’Erquelinnes, 
les premiers restes de Mammiféres paléocénes du pays, et il 
s’empressa d’en faire don au Musée de Bruxelles.? 

L’année suivante (1881), M. A. Rutot, alors Conservateur au 
Musée, les signala a ?Académie sous le nom de Pachynolophus 
Maldani.6 11 donna, en outre, une coupe du terrain, qwil rap- 
portait au Landénien supérieur.’ 


1 A Ja frontiére francaise, prés de Maubeuge. Le gisement d’Erquelinnes 
comprend trois localités: Erquelinnes, Grandreng et Jeumont. 

2 Au nord de Landen, dans la Hesbaye. 

3 Leval-Trahégnies, 4 lest de Binche. 

4 Au nord de Huy, dans Ja vallée de la Méhaigne. 

» A. Rutot, ‘Sur la Position stratigraphique des Restes de Mammiféres 
terrestres recueillis dans les Couches de l’Hoctne de Belgique’ Bull. Acad. 
Roy. Belg. vol. i (1881) p. 514. 

6 A, Rutot, op. cit. p. 536. 

7 Id. ibid. pp. 516, 584, & pl. i, fig. 1. 
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Longtemps aprés (1909), Pun de nous (L. Dollo) y ajouta le 
Coryphodon eocenus.' Et, tout récemment, il fit entreprendre de 
nouvelles recherches dans le gisement, qui amenérent la découverte, 
au méme niveau, dune faune de petits Mammiféres. L’étude de 
ces restes, qui consistaient essentiellement en dents isolées, étant 
trés délicate, ne pouvait étre entreprise utilement que par 
quelqwun s’étant déja beaucoup occupé de ces formes sur de 
meilleurs matériaux (P. Teilhard).? 

C’est ainsi qwil y reconnut, notamment, les genres Adapisorex, 
Omomys, Paramys et Sinopa, représentés par des espéces que 
nous allons retrouver & Orsmael. 

La description et la figuration de ces piéces feront partie de la 
monographie mentionnée au début de cette note. 


III. Le Gisement p’OrsMAER. 


Ce gisement fut découvert, par M. Rutot, en 1883: il le qualifia 
‘gravier base de l’assise supérieure de létage landénien au sud-est 
VOrsmael.’> Ht il en donna une coupe (op. cit. p. 47). 

Dans ce gravier se trouvaient de nombreux débris, trés frag- 
mentaires, de Mammiféres, de Reptiles et de Poissons. 

L’un de nous (l. Dollo) fut envoyé aussitét & Reims, par le 
Musée, pour y faire les premiéres comparaisons avec le zélé 
paléontologiste frangais Victor Lemoine. Dés ce temps (1884), 
la présence de Plesiadapis fut signalée & Orsmael.* 

En 1905, au moment de Vinstallation de la Nouvelle Galerie des 
Vertébrés vivants et fossiles de la Belgique, au Musée de Bruxelles, 
une révision de la faunule d’Orsmael fut jugée nécessaire. Victor 
Lemoine étant mort, sa collection au Muséum de Paris, A. Thévenin 
(alors Assistant au Muséum) fut prié de faire cette révision. Le 
point le plus remarquable de son travail fut la découverte du 
Phenacodus dans nos matériaux.> I] en conclut & l’existence de 
la Faune de Puerco, du Nouveau-Mexique (Etats-Unis), en 
Belgique. 

Les choses en restérent la pendant longtemps. Cependant, vu 
Vimportance de la question, et: sollicité, & diverses reprises, par 
plusieurs collégues étrangers, de recommencer les fouilles, ’un de 
nous (Li. Dollo) se décida a faire le nécessaire pour retrouver le 
gite et exploiter. Le succés couronna ses efforts. 

Aprés deux ans de recherches—parmi les autres travaux de 
VAtelier de Paléontologie du Musée de Bruxelles—de nombreux 


1 J. Dollo, ‘The Fossil Vertebrates of Belgium’ Ann. N.Y. Acad. Sci. 
vol. xix (1909) p. 109. 

2 Pp. Teilhard de Chardin, ‘ Les Mammiféres de ’?Eccéne inférieur francais 
et leurs Gisements’ Ann. Paléont. vol. x (1921) p. 169. 

3 A. Rutot, ‘Explication de la Feuille de Landen’ Carte géologique détaillée 
de Ja Belgique, 4 l’échelle du 1: 20,000. Bruxelles, 1884, pp. 43 & 44, 

4 Td. ibid. p. 44. 

5 L. Dollo, Ann. N.Y. Acad. Sci. vol, xix (1909) p. 109. 
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matériaux nouveaux furent recueillis, et, aujourd’hui, plus de mille 
dents de Mammiféres landéniens d’Orsmael (dents dont la taille 
ne dépasse que rarement 4 millimétres) sont entrées dans les 
collections de l’établissement, sans parler Vautres petits ossements 
de ces Mammiféres minuscules. 

C’est alors que la Monographie sur les Mammiféres paléocenes 
de la Belgique fut décidée par la Direction du Musée. Elle devait, 
naturellement, étre confiée & auteur de la monographie sur ies 
Mammitéres de I’Kocéne inférieur de la France (P. Teilhard).1 

Voici un bref résumé de ses premiéres observations. Les formes 
dont la présence a pu étre reconnue & Orsmael appartiennent aux 
groupes suivants : 


(1) Didelphes. (4) Condylarthrés. 
(2) Insectivores. (5) Carnivores. 
(3) Primates. (6) Rongeurs. 


(1) Didelphes.—Les Didelphes représentent le plus petit 
élément de la faune V@Orsmael. Leurs dents, longues d’un milli- 
métre seulement, rappellent beaucoup celles des Peratherium. 


(2) Insectivores——Plus du tiers des dents recueillies a 
Orsmael appartiennent & un type d’Insectivore dont il est possible, 
en partant d’une mandibule suffisamment conservée, de reconstituer 
avee une quasi-certitude la série dentaire presque complete. Elles 
doivent étre rapportées & un méme genre, qui parait identique au 
genre Adapisorex du Thanétien de Cernay. 

Les échantillons d’Orsmael, plus complets que ceux de Cernay, 
montrent que les Adapisorex différent des Tupaidés actuels par la 
complication plus grande de leurs prémolaires, et notamment par 
la présence d’un tritocéne aux préinolaires supérieures. 


(8) Primates.—Les Primates sont représentés, a Orsmael, 
par un Chiromyidé et un Tarsidé. Le Chiromyidé (cf. Plesia- 
dapis) nest connu que par ses incisives supérieures, tricuspides 
comme celles du Plestadapis tricuspidens de Cernay, mais 
beaucoup plus petites et bien plus comprimées latéralement. 

Au Tarsidé (cf. Omomys) se rapporte toute une série de pré- 
molaires et de molaires, qui rappellent extrémement, par leur forme 
et par leurs dimensions, les dents des Anaptomorphidés américains. 


(4) Condylarthrés.—Le Condylarthré le plus caractérisé 
trouvé a Orsmael est un petit Phenacodus, connu par une molaire 
inférieure et une molaire supérieure, trés typiques. 

On peut rapporter au méme groupe des Condylarthrés un certain 
nombre de molaires isolées, de petite taille, qui paraissent assez 
semblables aux dents des Mioclénidés américains, mais qui pour- 
raient aussi avoir appartenu a un Créodonte Oxyclénidé avec 
molaires supérieures sans hypocéne et avec derniére molaire 
réduite. 


1 P. Teilhard de Chardin, Ann. Paléont. vol. x (1921) p. 169. 
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(5) Carnivores.—tLes restes les plus communs des Carnivores, 
& Orsmael, sont de petites molaires inférieures et supérieures 
WHyénodontidés et de Miacidés, se répartissant dans trois genres 
et six espéces, au moins. 

Les Mésonychidés sont représentés par une dent inférieure de 
Dissacus, et les Oxyclénidés par une molaire inférieure 1émuroide, 
de genre difficile & déterminer. 


(6) Rongeurs.—Les Rongeurs forment une part assez im- 
portante de la faune d’Orsmael. Nous en avons recueilli, jusqu’ici, 
plusieurs astragales, un fémur, et de nombreuses dents (incisives, 
prémolaires, molaires). Ces dents montrent tous les caractéres 
des Paramys et se rattachent, au minimum, & deux espéces. 


IV. Le GisemMent dE LEVAL. 


C’est encore a M. Rutot que nous devons la connaissance de ce 
gisement, dont il publia la description en 1901.1 11 le plaga dans 
le Montien et en donna des coupes (op. cit. pp. 609, 610, 611 & 
612). Aucun Mammifére n’y fut rencontré au début. 

Mais, en 1909, Pun de nous (L. Dollo) y signala des restes d’un 
grand Mammifere, consistant principalement en un fémur (bien 
reconnaissable a son troisiéme trochanter), et qwil rapporta au 
Coryphodon, en attendant une étude plus approfondie ou de 
meilleurs matériaux.? 

A la suite de cette découverte, M. M. Leriche, Professeur de 
Géologie a VUniversité de Bruxelles—et aucune autre raison, 
stratigraphique ou biostratigraphique, ne s’y opposant—transféra 
(1912) le gisement de Leval dans le Landénien supérieur.® 

Plus récemment (1921), M. W. D. Matthew, Conservateur au 
Musée américain d’ Histoire naturelle, a New York, a insisté sur 
Vimpossibilité de la présence du Coryphodon dans le Montien.* 
Tl a méme exprimé ses doutes sur l’attribution des ossements de 
Leval au genre en question. Mais, puisque le gisement est main- 
tenant remonté dans le Landénien, il semble que la difficulté 
biostratigraphique soit résolue. 

Quoiqwil en soit, celui d’entre nous qui s’est spécialisé dans le 
domaine des Mammitéres fossiles (P. Teilhard) ne manquera pas 
de réexaminer ce probléme & occasion de sa monographie sur les 
Mammiféres paléocénes de la Belgique. 


1 A, Rutot, ‘Sur la Découverte d’une Flore fossile dans le Montien du 
Hainaut’ Bull. Soc. Belge de Géol. vol. xv (1901) p. 605, 

2 L. Dollo, Ann. N.Y. Acad. Sci. vol. xix (1909) p. 107. 

3M. Leriche, ‘ Livret-Guide de la Réunion Extraordinaire de la Société 
Géologique de France 4 Laon, Reims, Mons, Bruxelles, Anvers’ Bruxelles, 
1912, p. 82. 

“ Ww. D. Matthew, ‘ Fossil Vertebrates & the Cretaceous-Tertiary Problem ’ 
Amer. Journ. Sci. ser. 5, vol. ii (1921) p. 213. 
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V. Le GismeMENT DE VINALMONT. 


Ce gisement, exploité par M. C. Fraipont, Professeur de Paléon- 
tologie A l’Université de Liége, consiste en ‘fissures emphes @un 
limon plus ou moins argileux, Vune carriére de calcaire carbonifére 
de Vinalmont (vallée de la Méhaigne), province de Liége.! On 
vy a recueilli, jusqwa& présent, des ossements de Mammifeéres, 
d’Oiseaux et de Reptiles. 

L’un de nous (P. Teilhard) y a reconnu, parmi les restes de 
Mammitéres, une dent qwil a rapportée au genre Hyopsodus (op. 
cit. p. 360). Ce qui en fait probablement du Landénien supérieur. 

Les recherches continuent : 


‘L’étude de ces ossements, que l'un de nous (M. Fraipont) a entreprise 
avec la collaboration du Dr. Muller, le Professeur Fourmarier devant étudier 
le gisement au point de vue géologique, n’est guére terminée, étant donnés 
état fragmentaire des ossements et le mélange des espéces.’ (Op. cit. p. 357.) 


VI. ConcLusions. 


Les quatre gisements de Mammiféres paléocénes de la Belgique 
sont, tous les quatre, sparnaciens (= Landénien supérieur). 

Les petits Mammiféres d’Orsmael et de Jeumont (Erquelinnes), 
dont les restes ont été sélectionnés par un triage mécanique, ne 
peuvent nous donner qu’une idée trés incompléte de la faune du 
Landénien supérieur. 

La présence, dans les sables fluviatiles d’?Orsmael, des Rongeurs, 
des Primates, de Phenacodus, jointe & Vabsence des Multi- 
tuberculés, et l’existence, dans les niveaux correspondants d’Hrque- 
linnes, de la méme faune (avee Coryphodon et Hyracotherium) 
indiquent clairement, pour ces dépéts, un Age sparnacien. 

En fait, jusqu’ici (probablement & cause d’un éloignement trop 
grand des cétes pendant le Thanétien), aucun reste de Mammiféres 
anté-sparnaciens n’a été recueilli en Belgique. 

La persistance, dans le Sparnacien, des Adapisorex cernaysiens 
est un fait digne de remarque. 


1 P. Teilhard de Chardin & C. Fraipont, ‘Note sur la Présence dans le 
Tertiaire inférieur de Belgique d’un Condylarthré appartenant au Groupe des 
Hyopsodus’ Bull. Acad. Roy. Belg. vol. vii (1921) p. 357, 
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3. Ona New Form of Brarrow from the Coat Measures of 
the Forest or Dean. By Herzerr Bouron, D.Se., 
P.RS.E., F.G.S. (Read June 6th, 1923.) 


[Puare III.] 


I am indebted to Dr. A. Morley Davies, F.G.S., for the opportunity 
of examining and describing a blattoid forewing or tegmen collected 
upon the spoil-heap of the Harrow Hill Mine, Drybrook (Forest 
of Dean), during the course of a visit to that place by a party of 
students from the Imperial College of Science & Technology in 
1921. 


Description. 


The wing is a right forewing or tegmen, and lies upon a block 
of grey shale containing plant-remains. 

The tegmen is somewhat large for a blattoid, having a length of 
44 mm., and a greatest width (across the anal area) of 19 mm: it 
is thus a little over twice as long as wide. The surface is densely 
chitinous and lustrous, with sunken veins, while the wing presents 
structures not hitherto seen, so far as I know, in any other British 
or European blattoid. 

The outer (costal) margin is moderately convex along the 
proximal two-thirds, and then curves more abruptly inwards over 
the distal third, so that the wing-apex is carried backward towards 
the inner margin, to which it is joined by a short curve. The 
inner margin is convex over the anal area, concave in the middle, 
and a little convex over the distal cubital area, where it passes by 
the short curve mentioned into the blunt apex. 

The double curvature of the inner margin imparts to the wing a 
somewhat humped appearance. 

The costal area is very wide basally, somewhat triangular, and 
terminates in an acute angle beyond the middle of the wing. 

The base of the wing is not complete, so that, with the exception 
of the cubitus and of the vein lying in the anal furrow, the union of 
which is indicated on the matrix, the characters and relationships 
of the basal portions of the principal veins cannot be determined. 
This is much to be regretted, especially in the case of the subcosta, 
which is represented by three sets of branches. The distribution 
and further ramifications of these three branches are shown in 
Pl. III. Near the point of origin of the third twig, the inner 
branch is joined by the second branch of the radius. A short 
looped vein passes from the point of attachment of the second 
branch of the radius with the subcosta to a little distance farther 
out. 
It is possible that the second branch of the radius joins the sub- 
costa only to come off again, rejoins more distally, and again comes 
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off to end in the small outermost fork. The condition is very 
unusual, and typical of the unusual variations seen in other parts 
of the wing. 

The radius is a powerful vein giving off branches along the 
greater part of its length. Its distribution and branching are 
shown in Pl. II], where it will be seen that the first branch ends 
in the integument. The innermost twig unites with the distal 
part of the first branch of the radial sector for a short distance ; 
they afterwards separate, and pass out to the wing-margin. 

The radial sector arises immediately behind the origin of the 
first outer branch of the radius, and diverges widely, remaining 
unbranched until well beyond the middle of the wing, after which 
it sends off three long parallel branches, the first united to the 
innermost twig of the radius, as mentioned above (see Pl. ITI, 
fig. 2). 

The median is, like the radius, incomplete basally, and, on the 
broken edge of the wing, shows an outer curve very suggestive of 
the basal union of the two veins. It remains single up to the 
point of branching of the radial sector, beyond which it branches 
as shown in Pl. III, the last twig uniting with the fifth outer 
branch of the cubitus. 

The cubitus passes almost straight out from the base of the 
wing to the inner margin with very little curvature, and is 
characterized by giving off a series of outer and inner branches, 
those of the outer side being unbranched, and those of the inner 
much branched, many of the twigs failing to reach the margin. 
The details of the remarkable ramifications of this vein are shown 
meer LI: 

The cubitus is very widely spaced, both from the median and 
from the anal furrow, and, like the median, passes diagonally 
across the wing to the end of the inner margin. The cubital is 
much the largest area in the wing. 

The next inner vein ought to be considered with the evident 
cubitus, since, from indications shown on the matrix, the two were 
joined basally. This vein lies along the line of the anal furrow, 
and diverges widely from the cubitus, the marginal width of the 
area between it and the main stem of the cubitus being very great. 
It gives off two feeble outer branches, the more distal only reaching 
the margin quite close to the vein from which it arises. ‘ 

The position of this vein in relation to the evident median is 
very similar to what is seen in some forms of the Protoblattoidea, 
and is especially suggestive of the condition seen in Blattinopsis, 
where an inner branch of the median similarly follows the line of 
the anal furrow. It is, in all probability, the inner median vein. 

The anal area is convex, more than half the length of the inner 
margin, and crossed by seven anal veins, three of which are forked, 
the first anal being twice forked. 

The interstitial neuration consists of a dense series of 
irregular cross-veins anastomosing laterally, and_ is strongly 
wrinkled on the apical portion of the wing. i aa 
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Affinities, 


The wing presents a number of special features. The crossing 
or union of the veins, such as is seen in the case of the twigs of 
the subeosta and second branch of the radius, and the union of the 
first branch of the radial sector to the most distal twig of the radius, 
are of unusual occurrence in the one wing, and can hardly be 
considered as likely to be a constant feature, although crossings 
and unions of veins are found in many species. 

Characters resembling those found in different families and 
genera, and combined in this wing, are as follows :— 

(1) The branching of the cubitus might well have developed 
from the condition seen in the genus Blattinopsis (Blattinopside).! 

(2) The wide spacing of the veins, especially the separation of 
the median and cubitus in the middle of the wing, is suggestive 
of the genus Syscéophlebia (Spiloblattide). Yet it differs from 
Sysciophlebia in the mode of branching and in the interstitial 
neuration, which is not (either in this wing or in Sysciophlebia) 
finely reticulated near the principal veins, except possibly in the 
anal area, and shows over the rest of the integument a dense series 
of close parallel cross-veins which unite laterally. Dr. P. Pruvost, 
of Lille University, with whom I have discussed this wing, agrees 
with me in this comparison, also in the two following. 

(3) Affinities with Phyloblatta (Archimylacride ) are suggested 
in outer branches of the cubitus which extend into the much- 
widened area between that vein and the median: as, for example, in 
P. culvetti Pruvost,? from an Anthracomya shale at Lens. The 
dense parallel cross-veins mentioned above are also an Archimylacrid 
character. - 

(4) The structure of the subcostal vein, with its divisions into 
three sets of branches, resembles that of Zrilophomylacris Pruvost 
(Hemimylacride). 

(5) The mode of branching of the subcosta and the presence of 
inner and outer branches of the cubitus are repeated in Phylo- 
mylacris villeti Pravost (Hemimylacride). 

Fuller consideration has led me to attach more importance to 
the character of the cubital branching than I did at first, and on 
that score I should class the wing as Hemimylacridian (Pruvost), 
were it not that the character of the interstitial neuration is wholly 
at variance with that group, while it is in agreement with Archi- 
mylacrids. 

The probable solution of the relationship is that the wing 
belonged to an insect linking the families Archimylacride and 
~ Hemiunylacride. 


Whatever the generic relations may ultimately prove to be, the 
general assemblage of characters is altogether unlike anything 


1 This family is first described in my Commentry paper, not yet published. 
2 ‘Ta Faune Continentale du Terrain Houiller du Nord de la France’ 1919, 


p. 161 & pl. ls, figs. 9-11. 
C2 
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known to me from the British Coal Measures, nor have I found 
any record of a similar wing from the American coalfields. Dr. 
Pruvost states that he has not found anything similar, either in 
the Coal Measures of the North of France or in the Stephanian of 
Central France, nor is it known to him from the Belgian Coal 
Measures. 

A new genus must be formed to receive the wing, and I there- 
fore attach to it the name Drybrookia, and the specific name 
of cubitalis. 


DRYBROOKIA gen. nov. 


Diagnosis:—Subcosta with grouped branches. Cubitus a 
powerful vein, with outer and inner branches. Anal area long. 


DRYBROOKIA CUBITALIS sp. nov. 


Diagnosis:—Branches of subcosta with numerous twigs. 
Radius well spaced from cubitus; radial sector arising low down 
and reaching the wing-apex. Cubitus with secondary branching 
on the inner veins, and widely spaced from the median vein and the 
anal furrow. Interstitial neuration of close parallel cross-veins 
uniting laterally. 

Type:—aA right tegmen, Geological Museum, Imperial College 
of Science & Technology. 

Horizon and locality :—Shales over the Coleford High Delf 
Seam, Harrow Hill Mine, Drybrook (Forest of Dean). 


EXPLANATION OF PLATE ITI. 


Fig. 1. Photograph of the right tegmen of Drybrookia cubitalis, X 2. 
2. Diagram of the same, showing the venation, X 2. A=anal area; 
Cu=cubital area; M=median; Rs=radial sector; R=radius ; 
Cs=subcosta ; C=costa. 


DIscuUSSION. 


Dr. J. W. Evans thought that this interesting find in the 
course of a single visit by Imperial College students indicated the 
importance of local collecting work. Innumerable valuable speci- 
mens were lost, which might have been secured by the work of 
amateur geologists. 

Dr. F. A. Barner congratulated the Author on having received 
so interesting a specimen and on the lucidity of his description. 
He enquired whether the peculiarities of the veins to which 
attention had been drawn indicated a wing in a stage of cata- 
genesis or anagenesis. 

Dr. W. D. Lane asked whether the fact that the Author con- 
sidered the described specimen as partaking of the characters of 
the two families Archimylacride and Hemimylacride pointed to 
the artificiality of the families; or, to the described form belonging 
to a group which was ancestral to both families. He also asked 
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whether, in the Author’s opinion, the Carboniferous Blattoids were 
the direct ancestors of the recent Blattids, or were an independent 
cockroach-like development from a more primitive and generalized 
stock—a stock which several times over may have given rise to 
other Blattoid and allied developments, and from which recent 
Blattids and alhed groups finally sprang. And, generally, whether 
the several groups of Carboniferous Insects were directly ancestral 
to the corresponding recent Insect Orders; or, whether they were 
parallel developments from a more primitive stock, playing the 
part of the recent Orders without direct relationship to them, and 
bearing a corresponding relation to recent Insects as the Marsupials 
bear to the Placental Mammals. 

The Avrwor said, in answer to Dr. Bather, that the course of 
development of the Blattoid wing was not sufficiently understood 
to permit of any definite conclusions being drawn as to the course 
of progression or retrogression of venation. As he understood 
Dr. Tillyard (who had made a special study of the nymphal wings 
of recent insects), branching of the veins arose on the wing- 
border, the point of origin of the new branch afterwards moving 
along the main stem towards the base of the wing. The Author's 
own observations upon fossil Blattoids rather led to a different 
conclusion: namely, that new branches arose from the main stem 
in the body of the wing, and grew out into the wing areas 
between any two main veins, and might or might not reach the 
margin, 

In answer to Dr. Lang’s questions, there was no doubt that the 
families Archimylacridee and Hemimylacride were artificial. 
Various writers interpreted the characters of these families 
differently. The true relation of the Blattoids one to the other, 
and to their ancestral origin, was not certainly known; but evidence 
was accumulating which might soon enlighten us upon this 
matter. The described insect-wing possessed characters joining 
the two families Archimylacride and Hemimylacride—as these 
are understood by him (the Author). The Carboniferous Blattoids 
are almost certainly the direct ancestors of living Blattids. 
Recent evidence seems to show a direct connexion between some 
of the Coal-Measure forms and others of Mesozoic age, and it 
would be a reasonable inference to suppose that this progression 
was continuous to recent times. 

The Author believed that he had, in one case, determined an 
evolutionary sequence from a Palwodictyopteroid stock, through the 
Protoblattoids and Blattoids, and ending, so far, in the Triassic 
Period. 

It was not possible yet to determine whether Blattoids were 
polyphylogenetic in origin or not. Briefly, the Author’s im- 
pressions are that Blattoids will ultimately prove to have been the 
direct ancestors of recent Blattids, and that they had a poly- 
phylogenetic origin. In the present state of our knowledge of 
fossil Insects it is not possible to say how they are related to 
Orders of living Insects. 
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4. Conract-Meramoreutsm in the Comrie AREA of the PERTH- 
_ = = | 
sHtrE Hiaunanps. By Ceorn Epgar Tinney, Ph.D., B.Sc., 
F.G.S. (Read June 6th, 1923.) 


[Puate IV.] 
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I. INTRODUCTION. 


British petrographic literature is now so enriched by the detailed 
descriptions of contact-metamorphic aureoles, associated with 
plutonic intrusions—investigations largely conducted by the officers 
of the Geological Survey, and partly by independent workers—that 
it might appear that an investigation of an additional contact-zone 
would bring to light little but the usual well-known mineral- 
assemblage of aureoles already investigated. In the case of the 
aureole surrounding the Carn Chois diorite-complex of Perthshire, 
moreover, an inspection of the 1-inch Geological Survey map would 
tend to confirm this view—not only as to the nature of the mineral- 
assemblages, but also as to their apparently restricted variety. 
The diorite-complex is shown as intruded almost completely within 
the Ben Ledi Grit stratigraphical zone, touching only at its 
southernmost point rocks essentially of argillaceous composition— 
the Aberfoyle Slate-band. 

Here, then, are presumably sediments of a restricted range of 
composition ; ‘the hornfelses derived from them may be expected to 
show the same limit of variation. 

The examination that I have been able to make of this aureole 
shows quite clearly, however, that such a restriction in chemical 
composition is far from being the case. The thermal products 
show a wide range of composition, and the mineral-assemblages in 
the inner zone of hornfelses include types which (I believe) have 
not been previously recorded from British contact-zones, and some 
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that I have not been able to match with any of the thermal pro- 
ducts of extra-British contact-aureoles. Moreover, these unusual 
mineral-assemblages are by no means rare in the aureole itself, but 
have been recorded from numerous parts of the contact-zone. 

Of greatest interest in this connexion are the abundant corundum- 
and spinel-hornfelses, the remarkable coarse fluor-violet cordierite- 
hornfelses of Creag nah Iolaire, and a group of hypersthene-bearing 
hornfelses (both those of free-silica type and those poor in silica ). 

Hornfelses conspicuous by their rarity are the cale-silicate 
varieties, for there are no important calcareous beds which enter 
the aureole of the diorite. Additional interest is aroused, in that 
one of the great epidiorite-sheets which intrude into the Dalradian 
sediments is involved in the aureole, and has suffered metamorphism, 
with partial to almost complete reconstruction. 

These rocks I propose to describe in the following pages. 


It:--Previous LirERATURE. 


The only reference to contact-metamorphism in this region that 
T have been able to discover occurs in J. Nicol’s! paper on the 
geological structure of the Southern Grampians, where he notes 
the hardening of the slates and their recrystallization, as they 
approach the igneous contact. The area was mapped by the 
Geological Survey on the 6-inch scale, the results appearing in 
the 1-inch map published in 1888, but no descriptive account of 
the area appears to have been written. 

A short note on the nature of the intrusive rocks of Glen Lednock 
appears in an appendix to a-paper on Garabal Hill, by B. K. N. 
Wyllie & A. Scott in 1918.? 


III. Gronogy or THE Comrie AREA. 


Only a short notice is necessary here, to indicate briefly the 
geological features of the area in which the Carn Chois diorite- 
complex is exposed. ‘The Highland Border-fault in this region is 
developed immediately south of Comrie, trending in an east-north- 
easterly direction, and succeeded on its northern side by the weakly 
metamorphosed members of the Dalradian System. 

Grits, slates, and a thick series of siliceous grits follow one 
another in ascending structural succession from the fault-zone. 
These beds have been correlated with similar rocks developed. in’ 
the neighbourhood of Callander, away to the south-west: namely, 
with the stratigraphical groups (1) Leny Grits, (2) Aberfoyle 
Slates, and (3) Ben Ledi Grits. i 

The Aberfoyle Slate-band is a well-marked horizon which 
extends through the Forest of Glenartney, and strikes through 
Comrie itself. 

The present exposure of the Carn Chois diorite is now almost 

1 Q. J. G8. vol. xix (1863) p. 192. 
2 Geol, Mag. p. 544, 
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wholly confined to the Ben Ledi Grit-zone, and intrudes into the 
slate-band, only over one small area in the vicinity of Craig More, 
east-north-east of Comrie. 


Original Grade of Metamorphism of the Sedimeuts 
5 é p 
Involved in the Aureole. 


All the sediments which enter the aureole of the diorite are in a 
low grade of metamorphism. The lowest grades appear in the 
south, and the metamorphism increases in a northerly direction. 
The representatives of the Aberfoyle Slates are well-cleaved rocks, 
in which the white mica and chlorite are now almost wholly recon- 
stituted. The Ben Ledi Grits show a similar reconstitution. All 
these rocks, however, are included in the chlorite-zone of dynamic 
metamorphism, and within the area biotite never appears as a 
product of dynamic metamorphism, 


The Carn Chois Diorite. 


The disposition of this plutonic complex with regard to the 
intruded sediments is one of a distinctly transgressive nature. 

In plan the exposure is roughly elliptical, with the major axis 
trending in a north-westerly direction, and thus almost at right 
angles to the dominant strike of the associated sediments. ‘The 
dimensions of this stock-like mass are approximately 5 x 2 miles. 

The main mass is composed of a moderately coarse biotite- 
hornblende-diorite, consisting of biotite, andesine, and hornblende, 
the subordinate constituents being quartz, orthoclase, iron-ores, 
apatite, and zircon. In some varieties (as, for example, the diorite 
on the summit of Creag nah Iolaire), diopsidic pyroxene enters as 
a dominant constituent. These diorites show considerable variation 
in size of grain, as was pointed out by Wyllie & Scott. 

The diorite is pierced in its central part by a roughly rectangular 
mass, dimensions .1 x 1} miles, of a fine-grained pink rock, 
described on the Geological Survey map as granite. This name, 
however, does not accord with the mineralogical and_ textural 
features of the main mass of the rock. Usually, it is distinctly poor 
in ferromagnesian minerals, biotite alone being sparingly present. 
The constituents are quartz, plagioclase (oligoclase-andesine), 
orthoclase, biotite, and magnetite. This mass of rock is best 
described as an aplite. 

No detailed examination of this igneous complex has been made, 
and is indeed beyond the scope of this paper. Moreover, an 
exhaustive examination of the igneous petrology of the Carn Chois 
area is now being carried out by Dr. A. Scott, the results of whose 
work will (it is hoped) soon be available. 

In the map on p. 26 the outlines of the Carn Chois mass are 
shown, these being taken from the 6-inch maps of the Geological 
Survey. Some alterations of the boundary were, however, found 
necessary, as at Invergeldie, east of Craig More, and in the 
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vicinity of Carn Chois itself. The extent of these modifications 
can be seen on inspection of the 1l-inch Geological Survey map 
of this area. ) 

I may note here, however, particularly, the change observable in 
the neighbourhood of Invergeldie, close to Creag nah Tolaire. On 
the southern slopes of this hill, and north of Creag Liath, a tongue 
of sediment extends from Invergeldie and Coishavachan, and is 
probably continuous with the main mass of sediments on the 
opposite side of the Lednock valley at Creag Ghorm, and Creag nah 
Arairidh. The summit of Creag nah Iolaire consists of diorite ; 
but a few yards below it the tongue of highly-metamorphosed 
sediment enters, and here attains a width of 400 yards. 

On the Geological Survey map the ‘granite’ is shown as coming 
directly into contact with sediments along the whole of its northern 
border. There are few exposures in this area, but there is reason 
to believe that a thin strip of diorite intervenes between the aplite 
and the sediments. This can be seen in the main channel of the 
Carrock Burn, where diorite is exposed north of the aplite. 

At Carn Chois the sediments are in contact with diorite 
150 yards south of the summit, and the diorite extends beyond the 
boundary-fence running south-eastwards from the summit. These 
changes and others not specifically mentioned here can be readily 
made out, by comparing with the map now given the original 
Geological Survey sheet. 

The contact-rocks described in the following pages owe their 
metamorphism essentially to the dioritic member of the complex. 


IV. THe THerman AUREOLE IN THE ABERFOYLE SLATE- BAND, 
Cratc¢ More. 


The slate-band intercalated in the Ben Ledi Grits enters the 
aureole of the intrusion near Comrie, being cut by the southern- 
most protrusion of the Carn Chois diorite at Craig More. 


Constitution of the Slate outside the Aureole. 


The slate is a well-cleaved rock, with glossy cleavage-surfaces 
where still unaffected by the intrusion. It has suffered con- 
siderable reconstruction in the Comrie area, and cannot be included 
in Mr. G. Barrow’s zone of clastic mica, as will be evident from 
the petrographic description. 

The constituents are white mica, chlorite, quartz, iron-ores, 
leucoxenized ilmenite-grains, tourmaline, epidote, albite and albite- 
oligoclase, rutile, zircon, pyrites, and calcite. The essential 
constituents may be limited to the first four minerals, the remainder 
appearing as accessories may be absent. ‘The white mica and 
chlorite, in regeneration under dynamic action, have developed a 
parallel orientation, and the two minerals are often intergrown. 
In certain calcareous layers epidote is authigenic, having erys- 
tallized in svtu. 


bo 
ee) 


DR. C. BE. TILLEY ON [vol. lxxx, 


Changes Induced by Thermal Metamorphismn. 


The changes that can be made out as the diorite is approached 
ean be presented in the following order:—(a) zone of spotted 
slates; (b) zone of biotite development; and (¢) zone of cordierite 
development. 

The thermal effects of the intrusion can be well studied by 
investigation of a series of rocks obtained in the vicinity of Craig 
More, in a continuous series of exposures from the Comrie-Crieft 
road near Tredegar to the contact, approximately 150 yards north 
of the summit of Craig More itself. 


(a) Zone of spotted slates.—The first sign of thermal 
alteration in the slates is the development of minute spots, accom- 
panied by a hardening or induration of the whole rock. The spots 
are usually dark grey or black, and are characteristically spread 
upon the cleavage-planes with a minimum extension across them. 
They seldom exceed 1/20 inch in diameter and are usually smaller. 
As seen on cleavage-surfaces, they vary in shape from roughly 
circular to ovoid. Essentially, they consist of the same minerals as 
those that characterize the rest of the rock, but-in somewhat 
different proportions. In thin sections they are much less easily 
detected than in hand-specimens; they may have quite ill-defined 
boundaries, merging into the surrounding matrix. No chemical 
reconstruction is apparent. Between crossed nicols these spots 
become very obvious, for their richness in chlorite and white mica 
at once results in brightly-polarizing aggregates. The spots 
extinguish as a whole parallel to their longer axes, which are 
usually in the direction of cleavage. 'The fibres of white mica and 
chlorite are largely oriented in this direction, and consequently they 
are best seen when the cleavage is placed at an angle of 45° with 
the nicols. 

In their first development the spots may assume an extension 
only in the cleavage-plane, and then cannot be recognized in sections 
cut perpendicular to it. The interstitial areas are richer in quartz ; 
but no appreciable difference in size of grain between spots and 
matrix is usually apparent. This is a distinction from the 
observation on the spots of the outer aureole of some of the 
Cornish granites, where the spots are more finely grained than the 
surrounding matrix. 

When the biotite zone is entered, the spots may still be preserved, 
and then biotite becomes a constituent of them in association with 
the other minerals. The spots are already developed at 450 yards 
from the contact, but they are not always persistent. The indu- 
ration which sets in at an early stage, before biotite can be 
recognized in thin sections, gradually increases, with concomitant 
loss of fissility. Ultimately, the fissility disappears near the inner 
edge of the biotite-zone, and is completely lost with the entry of 
cordierite. 

It is not easy to account for the early development of spotting 
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of this type. It is necessary to postulate ar aggregation of the 
micaceous constituents and an orientation of the films. This is 
perhaps induced under the influence of interstitial solutions, and 
vapours derived both from the sediment and from the magma, with 
selective aggregation of directional minerals. Dr. J. S. Flett! has 
compared their production with that of concretions in argillaceous 
or calcareous sediments. 


(6) Zone of biotite development.— The first sign of 
chemical reconstruction in the slates, as the contact is approached, 
is the production of little flakes of brown mica, strongly pleochroic 
and interspersed among the chlorite- and white mica-flakes. They 
may appear first around little grains of iron-ore. These flakes 
show a general tendency to parallelism with the oriented wisps of 
chlorite and sericite. They increase in size as the contact is 
approached, and their formerly well-defined orientation decreases 
in constancy. In this series of rocks the first sign of biotite 
development is observed at 290 yards from the contact; but, 
north of Tomperran, biotite is found as a thermal mineral at a 
distance of 450 yards from the actual contact. 


(c) Zone of cordierite development.—The next mineral 
of importance arising as a metamorphic product is cordierite, and 
from its first entry at 150 yards it is found in all the hornfelses 
examined in that area. This cordierite zone may well be called 
the zone of true hornfelses: for, with the incoming of this 
mineral, the whole rock rapidly becomes completely reconstituted. 
Typical hornfelses from the Craig More inner zone comprise free- 
silica hornfelses rich in cordierite and rhombie pyroxene, and 
silica-poor hornfelses containing, in addition to cordierite, the 
minerals spinel and corundum, as also hypersthene. 


V. Tue Tuermat AUREOLE WITHIN THE Bren Lepr Grits. 


The Ben Ledi Grits have a considerable range of composition, 
frequent oscillation of sedimentary type being the rule, and this 
character is brought out in a very striking manner when the 
hornfelses along the contact are examined. In order to study 
progressive changes as the contact is approached, the region of the 
Glen Lednock valley from Crappich Hill may now be examined. 
As might be expected, the delicate evidence of thermal change, the 
incoming of spotting, is not now observed in gritty beds. The first 
marked effects can be seen in hardening and induration of the rock, 
which in its very early stages loses something of its fissile character. 
These incipient changes can be observed on the summit of Crappich 
Hill, where induration is very evident ; and this is quickly followed 
by chemical reconstruction in the production of little biotite-flakes, 
which tend first to appear in the chlorite white-mica areas near 


1 Mem. Geol. Surv. (Sheets 351 & 358) 1907, p. 23. 
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granules of iron-ore. ‘The first sign of authigenic biotite is here at 
550 yards from the contact. 

At 420 yards biotite is more abundant, and is profusely developed 
in small flakes at 310 yards, the original character of the rock 
still being preserved. 

At 280 yards the rock is a true hornfels, and (being argillaceous ) 
has developed andalusite in long prisms. Cordierite is also present. 
Biotite is in much larger flakes, and has taken on the deep red- 
brown colour characteristic of the mica of the inner parts of the 
aureole. This rock is completely reconstituted, and from this 
point we are in the zone of true hornfelses. These show con- 
siderable variety of type. Thus, proceeding towards the contact, 


we have 
Andalusite, cordierite, corundum. (230 yards) 


Corundum, cordierite, spinel. PBa ae 
Cordierite, quartz, biotite. CED Ed) 
Cordierite, plagioclase, quartz. (160 yards 


Corundum, cordierite, spinel. 


The little hill of Tom a’ Mhinn at this locality is very rich in 
corundum-bearing hornfelses. 

There is no need to describe in detail the progressive changes in 
other parts of the aureole, as they are essentially similar to that 
described above. The entrance of reconstruction in the form of 
biotite development has an outer limit of 500 to 600 yards, not 
always constant. ‘This is succeeded by the development of cor- 
dierite, and the rocks thereafter assume rapidly the character of 
true hornfelses, in which reconstruction is complete. 

The thermal aureole is wider in the Ben Ledi Grits than is the 
case with the aureole enclosing the Aberfoyle Slate-band, as will 
be noted by comparison. 


VI. CoMPARISON OF THE PROGRESSION IN THE CARN CHOIS 
OvurrER AUREOLE WITH THAT IN Conract-AUREOLES OF 
OTHER REGIONS. 


A survey of the changes induced in argillaceous rocks by 
plutonic intrusions, as revealed in the now numerous descriptions 
of thermal metamorphism, shows that the initial changes are of 
considerable variety. This variation largely arises from differences 
in mineralogical and textural composition of the rocks subjected 

. © ©) +e + in >, G : 2 
to thermal alteration. The nature of the frequently described 
spots—which in general, whatever their constitution, are among 
the first visible signs of thermal alteration—-is not always easily 
deciphered. , A 
. ~ . . ~ . 3 x ’ ‘a ~ 

In the classic Steiger Schiefer, they arise by aggregation of 
pigment without any chemical rearrangement of the rock-mass. 
At Comrie, the spots consist simply of the same constituents as 
the rest of the rock, but with a greater percentage of white mica 
and chlorite. 

¥ 4 = . 

Spots of analogous nature occur in the aureole of the Land’s 
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End granite, although, if we may judge from the descriptions, 
biotite had already developed in the bulk of the rock. 

Spots of a different character are common to all aureoles— 
namely, those consisting of andalusite or cordierite, which indicate 
chemical reconstitution. These are found in the Comrie area 
within the inner zone; but in some aureoles they precede in 
development any notable reconstruction of the matrix, appearing 
at a very early age, before biotite is developed. Such are some of 
the andalusite-spotted rocks of the Skiddaw aureole. 

As remarked by Dr. A. Harker, this early reconstruction can 
be simply explained as a result of thermal alteration of kaolin- 
bearing shales or slates, andalusite normally arising, or, if magnesia 
is abundant, cordierite. 

It isa very significant fact in this connexion that, where the 
Aberfoyle Slate comes within the aureole of the Carn Chois diorite, 
andalusite is a rare constituent, and when present is found only 
in the inner zone of hornfelses. Similarly, while cordierite is 
abundant, its first appearance is in rocks which have already 
developed biotite. 

These facts are in harmony with the evidence of the unaltered 
slates themselves, for kaolin cannot be detected in them, the whole 
of the alumina being represented in sericite and chlorite. In the 
inner zone the abundance of cordierite and the rarity of andalusite 
are explicable, for such relations are to be expected where the 
original slate contained greater percentages of chlorite than is 
normally the case where andalusite-cordierite combined assemblages 
arise. 


VII. THe Zone oF HORNFELSES. 


As the locus of intrusion of the diorite is almost wholly con- 
fined to the Ben Ledi Grit zone, it is to be expected that free-silica 
hornfelses will predominate. This is the case; nevertheless, the 
Ben Ledi Grits must contain many sedimentary bands in which 
quartz is not an abundant constituent, for we find throughout the 
aureole hornfelses in which no free quartz is present. 

From the examination of the two areas just described it is seen 
that the first marked change is not developed at a constant 
distance from the igneous mass, being notably less distant in the 
fine argillaceous sediment. The variation in the width of the 
aureole and the width of the several zones is doubtless to be 
ascribed to more than one factor. First, the width of the aureole 
exposed at the surface is dependent on the gradient of the intrusion- 
surface; and, unless the junction be a vertical one, it does not 
represent the true width of thermal alteration. The few data 
that are at our disposal tend to show, however, that the junction 
has a steep gradient. 7 

Next, it is necessary to consider chemically distinct types of 
rocks as possessing different susceptibilities to metamorphism ; 
and, lastly, as the manner in which heat is transferred from the 
magma is dependent on two processes—conduction and convection 
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by vapours and solutions—the porosity of the rocks as a whole 
must play a part. It is conceivable that the more arenaceous and 
coarser sediments are more permeable to solutions than the fine- 
grained slaty beds. In them metamorphism might extend to 
greater distances than in argillaceous types. 


From all parts of the hornfels zone, the different types can now 
be considered, and some attempt may be made to classify them. 

It is convenient to deal with these in two divisions, (a) free-silica 
hornfelses and (0) silica-poor hornfelses : quartz being an essential 
constituent, whether dominant or only subordinate, in (@), and 
being completely absent in (0). 

This division has proved suitable, on account of the large 
number of hornfelses recorded that are found to contain corundum 
and spinel, both minerals which are unstable in the presence of free 
silica. Any treatment of these thermally metamorphosed rocks as 
mineral-assemblages from the standpoint of the phase rule must 
be strictly limited to the inner zone of hornfelses in which 
recrystallization has been complete. 

The rocks of the aureole in which a progression of thermal 
alteration is observed are obviously not in a condition of equilibrium, 
for the partial recrystallization has effected only those changes 
which have been the most susceptible to the influence of temperature. 

Such rocks, unfortunately, do not often receive the attention 
which they deserve, for it is from them that the nature of the 
reactions which ultimately lead to a recrystallized assemblage is 
ascertained. 

In the true hornfelses, however, all the early changes have been 
obliterated, and a complete reconstruction effected. It is here 
that the conditions for true equilibrium are most closely approached, 
and here therefore that the rocks should be examined in the light 
of the restrictions of the phase rule. 


VIII. Constrrrution oF tHE FREE-StrnicaA Hornrenses. 


I shall adopt, as a basis for these assemblages, the treatment 
developed by Dr. V. M. Goldschmidt in his well-known work on 
the Christiania contact-rocks. This treatment embraces the free- 
silica hornfelses of the shale-limestone type of sediment. In 
Goldschmidt’s classification the various classes of hornfelses are 
defined by the numerals attached to the various phase-assemblages. 
In this way the rocks are treated as systems of four components, 
(Mg, Fe)O, Al,O,, CaO, Si0,, and in each of these assemblages 

uartz is an essential constituent. 

Of the various classes represented, Nos. 1-7, with the excep- 
tion of No. 6, are found among the hornfelses of the aureole; but 
there are no true hornfelses of Nos. 8 or 9 recorded. 

Epidote-hornfelses, of which but two examples are recorded, are 
the only rocks richer in lime than that represented by a hornfels of 


Class 7. In most of these hornfelses biotite and potash-felspar. 
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play an important part. Some there are in which biotite is 
wanting, ,especially those rich in cordierite. The importance of 
those minerals which are disregarded in this classification will be 
considered in the petrographical treatment that follows. 


Hornfelses of Class 1. 


Only a single example of an andalusite-cordierite-quartz hornfels 
is recorded from the aureole. This was collected at Crappich Hill 
280 yards from the contact. It is a dense dark-grey hornfels, in 
which needles of andalusite can be made out with a lens. Under 
the microscope the rock is seen to be totally reconstituted. Long 
prisms of andalusite are developed up to 3 mm. in length, com- 
paratively free from inclusions, these being magnetite and some 
flakes of biotite. In some of these the periphery is secondarily 
changed to white mica. These porphyroblasts are set in a ground- 
mass made up of cordierite, biotite, clear felspar, and quartz. 
Complete resolution of this ground-mass for recognition of quanti- 
tative proportions of the various minerals is not possible. The 
alkali-felspar is readily made out by its low refraction, and some of 
these grains are albite, but the majority are orthoclase. The 
biotite is strongly pleochroic in red-brown tints. Cordierite forms 
plates in the ground-mass enclosing the other minerals, especially 
biotite. Some of the cordierite is twinned, the crystals breaking 
up between crossed nicols into the characteristic twinned sectors. 

White mica is now abundant, and to a less extent chlorite; but 
both these minerals are secondarily derived from the andalusite, 
and also from cordierite. The remaining minerals are magnetite, 
little prisms of rutile, and pleochroic grains of tourmaline. 
Apatite is an accessory. 


Hornfelses of Class 2. 


Only one representative of this class is found, and recorded from 
the lowest crags of Tom a’ Mhinn, Glen Lednock. 

The mineralogical composition is closely similar to that of the 
rock previously described, but andalusite is less abundant, and 
plagioclase enters. Quartz is abundant, and cordierite is largely 
altered to a yellow, isotropic, non-laminated product. The anda- 
lusite is in irregular prismatic sections, with the typical magnetite- 
inclusions. 

Plagioclase is twinned after the albite law, its refraction is less 
than that of Canada balsam, and it has the low extinction-angle 
of albite-oligoclase. Orthoclase and biotite are both present as 
important constituents of the ground-mass, 


~Hornfelses of Class 3. 


Hornfelses of the cordierite-plagioclase-quartz-biotite type occur 
in various parts of the inner aureole. A typical example from 
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the crags of Creag Gharbh, north of Invergeldie, may here be 
described. 

It is a fine-grained dark bluish-grey hornfels, in which flakes of 
biotite are readily recognized. In thin section it is seen as an 
equigranular hornfels made up of quartz, plagioclase of the com- 
position of andesine, biotite in red-brown flakes, and cordierite. 
This mineral, which encloses many biotite-flakes, is partly altered 
to the yellowish-green isotropic product. Magnetite is an acces- 
sory constituent. 

This assemblage is interbanded with an assemblage composed of 
hypersthene-pseudomorphs and plagioclase, essentially a Class 5 
hornfels. The hypersthene-pseudomorphs consist of a carbonate 
mineral and serpentine. It is clear that this band was originally 
richer in lime. 


Biotite-plagioclase hornfelses.—Two rocks are mentioned 
here which must be grouped with this class. They are biotite- - 
plagioclase hornfelses from the contact-zone at Invergeldie Burn. 
The constituents are essentially biotite and plagioclase of acid 
labradorite composition (25° zone perpendicular to 010). They 
resemble the horntelses described above, with the exception that no 
cordierite could be detected in the base. The texture is equi- 
granular. No quartz can be safely detected in this assemblage. 
The absence of cordierite is probably connected with this free-silica 
deficiency. The rocks must be closely related to the hornfelses of 
Class 3 6 described below, in which spinel is present. 


Hornfelses of Class 4. 


Hypersthene-bearing hornfelses are comparatively abundant in 
the contact-zone of the diorite, and some of them belong to this 
class. A hornfels from the contact at Craig More is here described. 
The constituents are quartz, cordierite, hypersthene, plagioclase, 
biotite, orthoclase, and magnetite. 

Plagioclase is quite abundant, developed in granules and idio- 
blastic laths. The composition is that of an andesine (22° zone 
perpendicular to 010), and is optically positive. Zoning is present, 
and the central part is always more calcic than the shell, the 
variation extending from andesine to oligoclase of straight 
extinction. This zoning is evident in ordinary light, owing to the 
marked differences in refraction between the centre and the peri- 
phery. Cordierite is abundant, forming plates that show multiple 
twinning, which in longitudinal section exhibit overlapping lamelle. 
It also occurs in numerous granules intergrown with the orthoclase, 
which never appears idioblastic. 

Hypersthene forms subidioblastic prisms, showing its character- 
istic pink-green pleochroism, associated with plagioclase and 
cordierite. Lenticles largely made up of hypersthene-grains in a 
base of plagioclase are found: these doubtless arise from chlorite- 
rich layers in the original rock. Octahedra of magnetite are 
abundant, but biotite is only a subordinate constituent. 
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Hornfelses of Class 5. 


A hornfels of the hypersthene-plagioclase type has been recorded 
on a previous page in connexion with the description of hornfelses 
of Class 8. A single rock of this composition, from the contact at 
Funtullich, is now recorded. It isa dark-grey hornfels, very rich 
in rhombie pyroxene. This is a typical pleochroic hypersthene, 
which, with biotite and magnetite, lies in a colourless base of 
plagioclase. 

No cordierite nor any orthoclase can be detected in this base. 
There are a few crystals of a colourless to pale-green amphibole 
present, but in the greater part of the rock these are absent. The 
amphibole here takes the place of diopside, and its entry indicates 
that the composition of the rock is close to the border of Class 6. 
Magnetite is abundant, and apatite is an accessory. 


Horntelses of Class 6 are not recorded from the contact- 
zones ; we pass, with increasing lime, to 


Hornfelses of Class 7. 


A number of these diopside-plagioclase hornfelses are recorded 
from the Invergeldie Burn contact. They are dark rocks, with 
glistening flakes of black mica. The constituents are quartz, 
diopside, plagioclase, biotite, orthoclase, and accessory apatite. 
The diopside is subidioblastic, of a pale-green tint, but not sensibly 
pleochroic, with a wide extinction-angle. An incipient develop- 
ment of biuish-green amphibole is to be noted.  Biotite is 
abundant, in well-developed flakes showing pleochroism (pale 
yellow to dark brown). The reddish-brown tint of the more argil- 
laceous hornfelses is here less noticeable. The ground-mass is 
made up of abundant quartz, plagioclase, and orthoclase. The 
plagioclase is a labradorite. It forms aggregates of tiny granules 
between the quartz-grains, or may crowd the quartz- and orthoclase- 
grains, yielding a sieve-like texture. (See Pl. IV, fig. 1.) 

From the same locality comes a rock in which hornblende largely 
takes the place of pyroxene. Pyroxene is only a subordinate con- 
stituent among the hornblende individuals. The diopside may 
form a core to hornblende-grains ; but the relationship is not solely 
paramorphic, for the hornblende possesses its own crystal form. 
This rock appears to be an example of a hornfels, either of Class 6 
or of Class 7, which has developed hornblende from original 
pyroxene during the cooling of the rock, being a readjustment to 
the conditions of lower temperature. Both these rocks were col- 
lected at the actual contact. 

Amphibole-hornfelses of the outer zone will be described on a 
later page. 

The only rocks richer in lime than those represented by Class 7 
are two epidote-hornfelses, collected from the contact near Craig 
More. ‘There are no limestone-bands which come within the 
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aureole, so that rocks corresponding to Class 8 or Class 9 are 
not developed. 

So far, in describing the free-silica hornfelses of the aureole, I 
have been dealing with rocks the composition of which is confined 
within the normal shale-limestone series of sediments. There is, 
however, a large number of hornfelses which cannot be strictly 
treated within this series. They can, nevertheless, be derived from 
the hornfelses of Class 1, by increasing the magnesia and ferrous- 
oxide content. These rocks are practically free from plagioclase, 
and may be considered as non-caleic hornfelses. 

In a shale of normal composition (A1,SiO,) is a typical contact- 
mineral. The presence of this mineral is inhibited by excess of 
potash or of magnesia. In the former case, andalusite gives place 
to orthoclase or biotite; but this method of development must be 
quite rare, for high potash in a sediment is nearly always accom- 
panied by high alumina. The second case is much more common, 
and will be discussed here. Magnesia and ferrous iron enter for 
the most part as chlorite. Andalusite, in this case, gives place to 
ecordierite. his may be appropriately represented by an ideal 
equation of the type 

2A1,Si0, + 2MgO + 38i0,=Mg, Al,Si,0,,. 

We pass then from the common andalusite-cordierite hornfels of 
Class 1 to a hornfels containing cordierite alone, and ultimately to 
a cordierite-hypersthene type with further increment of magnesia, 
thus 

Class 1, Andalusite, cordierite (quartz, biotite, orthoclase). 
Class 1, Mg. i. Cordierite (quartz, biotite, orthoclase). 
Class 1, Mg. ii. Cordierite, hypersthene (quartz, biotite, orthoclase). 

Rocks richer in magnesia than this do not occur in the zones of 
this aureole, 


Hornfelses of Class 1, Mg.i: Cordierite- 
Quartz-Hornfelses. 


The hornfelses included here can be divided into (a) biotite-rich 
types and (6) biotite-free types. There are naturally inter- 
gradations. 


(a) Biotite-rich types—aA hornfels from the summit of 
Carn Chois is of this type. It isa blue-grey rock, with a resinous 
lustre given by the abundant cordierite. The constituents are 
quartz, cordierite, orthoclase, biotite, magnetite, and pyrite. 
Biotite occurs in red-brown, strongly pleochroic flakes. The cor- 
dierite and orthoclase, and to a less extent quartz, form an intimate 
intergrowth in the ground-mass. The cordierite may, however 
form plates in which there is little intermixture of other minerals. 
in such cases the multiple twinning can be readily made out. 
While the quartz- and orthoclase-grains are clear and colourless 
the cordierite has a grey appearance in ordinary light, possibly due 
to submicroscopic inclusions. Its refraction is slightly greater 
than that of quartz. A feature of the potash-felspar- that may be 
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here remarked is the small optic axial angle of this mineral, thus 
approaching in this respect the sanidine type rather than the 
normal orthoclase type: the same feature can also be observed 
in some other horntelses. Iron-ores are but sparingly present. 
(See Pl. 1V, fig.-2.) 

In another hornfels of this type from the contact east of Charles’s 
Wood, north-east of Comrie, the cordierite has a somewhat different 
habit. Apart from its presence in independent crystals, it occurs 
as small granules filling poikiloblastically plates of quartz or 
orthoclase, with a typical sieve-texture. The cordierite in this 
rock is largely changed to the yellow-green alteration-product. 


(6) Biotite-free types.—These types differ from the pre- 
ceding, not only in the complete absence of brown mica, but in 
greater percentages of alkali-felspar, cordierite, and magnetite. 
The proportion of biotite to these latter minerals indeed shows a 
rough reciprocal relation, and we can have little doubt that, under 
the conditions prevailing, the mica is largely represented by them. 
These rocks occur in all parts of the aureole: some of them are 
exceedingly fine-grained. The cordierite is readily distinguished 
by forming, even here, relatively large crystals: it encloses the 
other minerals (quartz, alkali-felspar, and magnetite). 

Some of these rocks are banded types, the banding of which is 
due to the development of linear strings of magnetite. There can 
be little doubt that this represents an original heterogeneity in the 
slates from which these rocks are derived, the magnetite-rich bands 
representing the layers richer in chlorite or in iron-ores. In the 
biotite-rich hornfelses this banding is also apparent; but here it is 
formed by layers very rich in brown mica. A similar explanation 
holds for these bands also: the formation of biotite was, however, 
possibly controlled by the active mass of water. 


The composition of a rock of this class (1, Mg.1i) can be illus- 
trated by an analysis of a cordierite-quartz-biotite hornfels from 
Abbenstein (Harz), described by O. H. Erdmannsdérffer !:— 
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1 Jahrb. Preuss. Geol. Landesanst. vol. xxx (1909) p. 357 (Eckergneis- 
facies). 
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When the foregoing analysis is compared with analyses of rocks 
of Class 1 & Class 3, the points of distinction are at once evident : 
namely, the higher RO: R,O, ratio compared with Class 1 horn- 
. if : ze . . . 1 e rs 
felses, and the low percentage of lime compared with Class 3 
hornfelses. 


Hornfelses of Class 1, Mg. ii: Cordierite-Hypersthene- 
Quartz- Hornfelses. 


Rocks of this category are the characteristic hypersthene-bearing 
hornfelses of the aureole. A type from Creagh nah Jolaire may 
be here described. It is a blue-grey rock, with a resinous fracture 
indicative of a high content of cordierite. The constituents are 
cordierite, hypersthene, orthoclase, and biotite; quartz is sub- 
ordinate. Magnetite and apatite are accessories. (See Pl. IV, 
fig. 4.) 

Hypersthene is very abundant, and the subidioblastic grains 
may reach 1°5 mm. in diameter. It may be intergrown with the 
cordierite-orthoclase base in such a way that isolated prisms 
similarly oriented are separated by these constituents. The 
pleochroism is strong, and the mineral is free from alteration. 

The biotite is of the usual red-brown pleochroic type. The 
dimensions are generally less than 0°38 mm., but flakes reaching 
15 mm. in length are also to be observed in these rocks. Very 
often, the biotite possesses a typical sieve-texture, due to the 
enclosure or intergrowth of the cordierite and orthoclase. In some 
of the types, a faint smoky-blue to colourless pleochroie tint can 
be distinguished in the cordierite, the scheme in these thin sections 
being 

(Z, Y) smoky-blue; X colourless. 

The principal distinction of these rocks from the calcie hyper- 
sthene-hornfelses is the greater abundance of cordierite and the 
absence of plagioclase. 

One of the first hypersthene-bearing hornfelses to be described 
belongs to this class. This is the hornfels described by Ramsay 
from the Umptek nepheline-syenite contact. Its analysis may be 
reproduced here as representative of the class, and with it, for 


comparison, two other hornfelses of Class 1 and Class 4 respec- 
tively : 


Vite TWH IV. 
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Totals ..,... 10139 99°72: 100°41 
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II. Cordierite-hypersthene-hornfels (Class 1, Me. ii) nepheline-syenite 
contact, Umptek. W. Ramsay, Fennia, vol. ii (1894) No. 2, p. 51. 
III. Andalusite-cordierite-hornfels (Class 1) soda-granite contact, 
Gunildrud. V. M. Goldschmidt, Vid. Selsk. Skrifter (GID Iaiay, a 

p. 148. 


IV. Cordierite-hypersthene-plagioclase-hornfels (Class 4) essexite contact, 
Sélvsberget. Id. Ibid. p. 162. 


Inspection of these analyses indicates very clearly how the 
mineralogical composition is dependent on the RO: R,0, ratios, 
as has been noted above. 


Sandstone Hornfelses. 


No detailed description of these rocks, which are abundant 
throughout the aureole, need here be given, for they present the 
same features as the more argillaceous types previously considered, 
the main distinction being the greater abundance of quartz. A few 
peculiarities may, however, be noted at this point. 


(1) Grit, Devil’s Cauldron, Lednock River.—This rock 
was collected at a distance of 480 yards from the contact. It has 
an indurated appearance, but no important reconstitution has been 
effected. I represents a rock from the outer limit of the aureole, 
where biotite is just beginning to develop. Under the microscope 
its clastic character is very evident. The clastic grains include 
quartz with well-marked strain-shadows, and turbid acid felspar 
(both albite and orthoclase), the latter much sericitized. Chlorite, 
iron-ores, and a little thermal biotite complete the rock. 


(2) A second example, 350 yards from the contact, taken from 
the aureole at Creag an Fhithich, is richer in authigenic biotite, 
which has a very obvious association with iron-ores. The clastic 
character of the quartz- and felspar-grains is still evident, and the 
former show the characteristic strain-shadows. In the next stage 
cordierite begins to appear; with it may be associated minute 
grains of a pale-green spinel, but the latter mineral is never in 
contact with quartz. At this stage undulose extinction in the 
quartz is much less evident. Partial recrystallization has tended 
to eradicate it, and the large original clastic grains are now not 
single grains, but a mosaic of clear, uniformly extinguishing 
quartz. 


As some of these rocks show, the strain-shadows in the clastic 
erains may persist into the outer part of the hornfels zone; but in 
the inner zone most, if not all, of this undulose extinction has 
disappeared. The relations of the quartz and felspar in the inner 
zone are not without interest. A rock in the zone of hornfelses at 
Craig Arairidh, south of Invergeldie, shows a granophyric inter- 
growth of quartz and alkali-felspar. These intergrowths are very 
closely associated with masses of cordierite enclosing well-defined 
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octahedra of magnetite. We thus may have a central elongated 
core of cordierite-granules, with a periphery of granophyric quartz- 
orthoclase intergrowths. In this rock the large quartz-grains 
still show some trace of undulose extinction. 


Some of the Ben Ledi Grits exhibit a close banding, siliceous 
layers interdigitating with more argillaceous layers, the thickness 
of the latter varying from 1/16 to 1/4 inch. When converted into 
hornfelses these rocks present a striking appearance, the argilla- 
ceous layers developing into dense bluish-black lines separated by 
grey siliceous bands. On weathered surfaces this gives rise to a 
ribbed structure, due to the selective erosion of the darker bands. 

I may briefly describe such a rock from the aureole at Tom a’ 
Mhinn, 180+ yards from the contact. The siliceous bands consist 
of clear unstrained quartz in interlocking grains, with turbid 
alkali-felspar and scattered fakes of biotite and secondary chlorite. 

The dark bands are seen to consist of biotite, cordierite, 
magnetite, and green spinel, with some alkali-felspar. The 
arrangement is often such that the interior portion consists of 
cordierite with magnetite- and spinel-inclusions, encased by an 
external fringe of biotite-flakes. Here, within a width of 1/8 inch, 
we have a cordierite-hornfels rich in spinel, but distinct from the 
surrounding sandstone-hornfels. The preservation in such excellent 
condition of the oscillatory composition of the original sediment is 
admirably indicated. 


Epidote-Hornfelses. 


From one locality only are recorded hornfelses richer in lime 
than those of Class 7: namely, at the contact with diorite, 
600 yards north-west of the summit of Craig More. Here, from 
an originally calcareous band, epidote-hornfelses have arisen. 

These rocks consist essentially of quartz, epidote, and small 
amounts of green hornblende. Accessorily present are orthoclase, 
sphene, plagioclase, secondary chlorite, and calcite. Quartz is the 
most abundant constituent, developed in interlocking grains. 

The epidote is always xenoblastic, of negative optic character, 
in some sections twinned on 100, the pleochroism being marked in 
yellow-green tints. 

One of these rocks is of especial interest, owing to the occurrence 
of a thin band of plagioclase-spinel composition. It is sharply 
separated from the epidote-bearing bands. ‘The spinel occurs in a 
plagioclase-base, in the form of minute drop-like grains of brown- 
green colour. Cordierite could not be detected. 

These epidote-hornfelses correspond in composition to Class 8 
hornfelses. Under the prevailing conditions, however, water has 
entered into the constitution of the lime-alumina silicate, epidote 
arising in place of grossularite. 
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Amphibole-Hornfelses of the Outer Zone. 


In describing the hornfelses of Class 7 above, certain amphibolic 
types have been noted which are to be ranged either in this class 
or in Class 6. In the outer parts of the aureole occur certain 
amphibole-hornfelses, in which there is reason to believe that the 
conditions for the production of pyroxene were never realized, and 
so amphibole appeared in its place. Hornfelses of this type oceur, 
for example, at Tom a’ Mhinn 180+ yards from the contact, and 
on the crags of Creag Gharbh, near Invergeldie. Here the 
amphibolic type is at a distance of 350 yards from the contact. 
They are very similar in character: the constituents are quartz, 
plagioclase, hornblende, magnetite, and apatite. 

Biotite is almost completely absent in both of these rocks. The 
plagioclase is an acid type having a refraction less than that of 
quartz, and is of albite-oligoclase composition in one rock: in the 
other it is oligoclase-andesine. In another type the quartz is 
present in large grains, which still preserve the strain-shadows of 
the original clastic grains. 

The low content of potash that these rocks possess and the 
comparatively acid character of the plagioclase distinguish them 
from Classes 6 & 7. They possibly represent a quartzose chloritic 
type of sediment, and may be compared to a sediment of the 
Green-Bed type in other parts of the Comrie area. 


IX. ConstrruTIon oF THE Stnica-POooR Hornretses.! 


We can derive from the free-silica hornfelses of Class 1 the 
following silica-poor hornfelses, according as we abstract. silica 
from andalusite and cordierite :— 


Class 1 (a) Andalusite, corundum, cordierite. 
(b) Corundum, cordierite. 
(c) Corundum, cordierite, spinel. 
(d) Corundum, spinel. 
(e) Corundum, spinel, andalusite. 
(f) Spinel, andalusite. 
(g) Spinel, andalusite, cordierite. 


Class 2 may yield similar rocks where some plagioclase is present. 
Similarly, Class 3 hornfelses give rise to 
Class 3 (a) Cordierite, spinel, plagioclase, 
(b) Spinel, plagioclase, 


1 The classification of the corundum-spinel hornfels is shortly considered 
in an earlier paper; see Geol. Mag. vol. Ix (1928) p. 101. For hornfelses 
containing rhombic pyroxene, see a subsequent paper (ibid. p. 410). Since 
the appearance of these articles, P. Niggli (nm Fortschritte d. Mineral. &c. 
yol. viii, 1923, p. 70) has contributed a paper on the mineral assemblages of 
the Kata rocks, which explores some of the ground already covered by the 
present writer. When, however, Niggli concludes that cordierite-spinel, and 
enstatite-spinel, assemblages are ‘ presumably unstable ’, I confess that I am 
unable to follow him. 
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and Class 4 of the free-silica hornfelses yields 
Class 4 (a) Cordierite, spinel, hypersthene, plagioclase, 
(b) Spinel, hypersthene, plagioclase. 
Many of these are to be found among the thermal products of 
this aureole, and are described below. 


Class 1 (a) Andalusite-Corundtm-Cordierite- Hornfelses. 


One representative of this class is recorded from the contact- 
zone. It was collected at a point 230 yards from the contact, 
below the summit of Crappich Hill. In addition to the above- 
mentioned minerals, biotite, orthoclase, and magnetite are present 
as primary phases. 

The andalusite builds long prismatic crystals measuring up to 
4 mm. in length, with strongly developed cleavage. The sole 
inclusions that are not numerous are irregular grains of magnetite. 
Only at the periphery has sericitization developed. 

Cordierite forms rounded to ovoid erystals, enclosing numerous 
crystals of biotite and magnetite. Much of it is now represented 
by aggregates of white mica; but, in those spots where cordierite- 
substance is still preserved, pleochroic haloes may still be visible. 
These ovoid crystals are usually 0°50 to 0°75 mim. in diameter. 

Corundum is abundantly developed in this rock, in irregular and 
ragged grains, with the characteristic high refractive index. Some 
of these show well the peculiar pleochroic spots and patches irre- 
gularly diffused through their substance. The only inclusions are 
little grains of iron-ore: these grains never exceed 0-5 mm. in 
diameter, and are usually much smaller. 

The ground-mass in which these minerals are set consists essen- 
tially of a deep-brown pleochroie biotite, associated with clear, 
colourless potash-felspar. No definite white mica can be recognized. 


Class 1 (6) Corundum-Cordierite- Hornfelses. 


Three rocks of this class are recorded from Tom a’ Mhinn, Carn 
Chois, and Creag nah Iolaire. Here neither spinel nor andalusite 
occurs. 

The rock from the first locality (160 yards from the contact) 
may be here described. It is a typical dark hornfels, with small 
glistening flakes of brown mica. Very small venules of quartz- 
felspar composition penetrate it, and knots of the same minerals. 
These are derived from the intrusion. 

Cordierite, where altered, shows the development of the yellow 
isotropic alteration-product. The corundum reaches dimensions 
similar to those in the rock previously described; but here more 
idioblastic crystals are the rule, so that good hexagonal cross- 
sections and rectangular sections are seen. Some of these grains 
are surrounded by white mica-blades (not margarite), associated 
with orthoclase, and are perhaps of pneumatolytic origin. More 
commonly, however, the enclosing mineral is orthoclase alone. 
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The ground-mass minerals are again essentially biotite and clear 
orthoclase. The knots and venules of igneous origin are well 
shown in the thin sections. Corundum is always protected from 
the quartz of these by a barrier of orthoclase. 


Class 1 (¢) Corundum-Cordierite-Spinel-Hornfelses. 


These are by far the commonest of the hornfelses of the silica- 
poor type, derived from Class 1, in the aureole. 

Twenty-five rocks of which sections have been cut belong to this 
assemblage. ‘They are characteristic of the inner zone; but, as a 
hornfels from Clathick Burn indicates, they may extend out as far 
as 270 yards from the contact. The great majority come from 
within 100 yards of the contact. 

A rock from Tom a’ Mhinn is a beautiful hornfels of this type. 
It is a dark resinous rock, showing big dark spots of cordierite. 
The constituents are (in addition to the above) biotite, magnetite, 
and a small amount of orthoclase. 

Cordierite is extremely abundant, forming the well-developed 
spots seen in the hand-specimen, reaching in certain ovoid crystals 
a length of 6mm. ‘The longer axes of these ovoid crystals are 
oriented in a common direction. These may be composite prismatic 
twins, and show in longitudinal section parallel bands, as in the 
albite-twins of plagioclase. Inclusions are numerous, and include 
drop-like grains of a pale-green spinel and magnetite. 

Cordierite is also an abundant constituent of the ground-mass, 
with biotite. The typical alteration is the yellow isotropic material, 
but aggregates of white mica also appear pseudomorphing the spots. 
Apart from a few idioblasts of corundum, the bulk of this mineral 
is found in the ground-mass in very small irregular grains, asso- 
ciated with the biotite and cordierite. 

The biotite never forms a prominent inclusion in the cordierite- 
spots, anda very striking appearance is given to the slides by these 
biotite-free cordierite ovoids immersed in a biotite-rich ground- 
mass. 

From among other hornfelses of this type I wish to draw 
attention to other features, both mineralogical and structural. The 
individual minerals may now be separately described. 


Corundum.—lIdioblastie corundum commonly shows either 
hexagonal or rectangular outlines. Some idea of the habit of 
these idioblastic crystals may be gained from the various sections 
available. Commonly, we find hexagonal prisms elongated parallel 
to the vertical axis. The rectangular sections often show the 
parting parallel to the base, and have a negative elongation. 
These sections, when showing the blue spots, are pleochroic with 
reference to these, thus 


O= sapphire-blue, E = sea-green. 
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The corundum may possess a turbid interior of a grey-yellow 
colour, surrounded by a periphery of colourless corundum. In the 
sections parallel to the axis c, long tapering or barrel shapes may 
be observed, due to the development of a steep hexagonal bi- 
pyramid. 

The habit of flat erystals elongated in the basal plane is much 
less common, but is seen in some sections. ‘These are recognized 
by their positive elongation and a parting developed parallel to 
their length. 


Cordierite.—There is little to add with regard to this mineral. 
The refraction is always higher than that of Canada balsam. Where 
the cordierite is idioblastic, the habit is prismatic. Twinning is 
very common, yielding composite twins, which show parallel bands 
in vertical section, and in cross-sections hexagonal forms in which 
opposite sectors extinguish simultaneously. The twin-plane is 
here parallel to 110. Yellow pleochroic haloes around minute 
grains of zircon are quite common. In prismatic sections, the 
irregular overlapping of the twinned bands gives rise not infre- 
quently to a type of chequer-structure, as seen in chequer-albite. 
The cordierite of these rocks is always widely biaxial, with optic 
negative character. 


Spinel in these rocks seldom forms large independent crystals ; 
but individual grains may be aggregated together to form large 
composite masses. The mineral is typically developed in little 
rounded grains, immersed in cordierite, or associated with corundum. 
It is always a green spinel. It may also be associated with 
magnetite-grains, forming usually an irregular mantle, or enclosed 
within them. 

Very remarkable are the clusters of spinel which associate them- 
selves with cordierite and alkali-felspar. These clusters vary from 
ovoid masses of spinel-grains in a cordierite-base to long strings, 
which have a linear arrangement very similar to the linear aggre- 
gates of magnetite also seen in these rocks. These linear clusters 
often show a parallel disposition among themselves, as if conforming 
to the original bedding-plane of the rock, but the long axes of other 
clusters may diverge from this direction. 

The parallel arrangement of the magnetite-spinel linear aggre- 
gates corresponds closely to the layers of matted chlorite which 
are so common in the original slates, from. which they arise, and is 
of genetic significance, as will be indicated below. 

When idioblastic, the spinel-grains give rectangular and rhomb- 
shaped sections of octahedra. The only alteration that spinel is 
seen to undergo is a development of a serpentinous product. 

There is a very evident relation between the quantitative amounts 
of biotite on the one hand, and the amounts of spinel and magnetite 
on the other, in these rocks: this relation is reciprocal, » When 
biotite is abundant, spinel and magnetite are less abundantly 
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present. When biotite is in small amount, there is a corresponding 
increase in the quantities of spinel and iron-ore. Other changes 
go hand in hand with these, and will be discussed below. 


Orthoclase is a very constant constituent of these hornfelses, 
and is readily discovered by its refractive index. As a constituent 
of cordierite-masses in the form of small, intergrown, irregular 
grains, and as a ground-mass for corundum, it is especially common. 
This potash- felspar never shows any trace of microcline twinning, 
and in this respect differs from the potash- felspar of rocks arising 
under a high grade of dynamothermal metamorphism. As a 
constituent of the ground-mass of porphyroblastic types, it is 
intimately associated with biotite. In a certain degree, the 
quantitative amounts of biotite and orthoclase bear some relation. 
In the biotite-free types orthoclase is often very abundant. 


Plagioclase is not an essential constituent of these rocks, but 
is sometimes locally abundant. This is the case with certain types 
poor in corundum: such rocks can be considered as derivatives of 
Class 2 of the free-silica hornfelses. As albite, it may be present 
among the orthoclase-aggregates, and in the fine-grained types it 
1s difficult to distinguish from that mineral. 


Biotite——The biotite of these rocks is the common, deep red- 
brown, haughtonite type, showing strong pleochroism. Usually, the 
flakes are arranged without any dominant orientation. It may, 
however, develop in linear clusters, and then is strongly suggestive 
of development from chlorite-strings of the unmetamorphosed 
rock. As noted above, biotite may be completely absent in some 
of these hornfelses. 


A dark resinous-lustred hornfels of the corundum-cordierite- 
spinel type has been analysed. The mineralogical features of the 
actual analysed rock may here be shortly summarized. 

In addition to the three minerals mentioned above, alkali-felspar, 
iron-ores, biotite, apatite, and zircon are present. 

Biotite does not exceed 0°5 per cent. in amount, the rock being 
chosen for analysis for that reason. 

Clusters of spinel-grains, linear or lenticular in cross-section, are 
a peculiar feature of this rock. Numerous pleochroic haloes occur 
in the cordierite. The alkali-felspar is all of lower refraction 
than the cordierite or than Canada balsam, and forms a spongy 
intergrowth with the cordierite; but it is also present forming 
a peripheral ring of grains to nuclei of corundum. 


The analysis of this rock is given on p. 46, under (V). 
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Vis VI. Vie ie VEL IX. x 
S10, .. 39°40 45°30 38°85 59°6 57°99 56-02 
Al,O3... 35°86 30°51 35°71 O30 lease 21°61 | 
Fe,03 trace 024 1°63 = 0°49 1°36 
FIGO Re 8°79 8°80 7°78 58 5°06 5°97 
MgO 3°67 311 2°59 24 1°20 2°96 
CaO 2°15 0°90 0:37 1-4 1°65 1:22 
Na O 2°10 1°65 | 2°39 | 1:4, 1°32 1°26 
KO & 3°84 4°84 | 4:55 | 26 3°50 2°83 
H,0+ 1:02 1:05 12 ae | : 3: 9 
HO jos tt ane |5 S17 | 09 339 4-90 
Ose 2°00 1°48 1°88 | 13 0°32 0°74 
P05 0°82 0°12 — | 06 Me 0°02 
In O pene eee et trace 0°20 | 0°05 
NiCoO trace 0:02 | 
CORR parece: nil trace ? — — nL, 0-91 
S 00%). 1:33 29) s cen ee O91 035 
gare? ~ FeS | 
SO; trace 0:04 oS ee — 
Cl, F = 0:08 
om — O17 foo — — — 
0:03 BaO 
Totals ......] 99°93 | 100°12 | 100:92 | 99:9 | 100°37 | 10020 
——e pe | ae i 
V. Corundum-cordierite-spinel-hornfels, Tom a’ Mhinn, Glen Lednock. 


. Corundum-cordievite-spinel-hornfels, Ascutney Mt. (Vermont), R. A. Daly, 


Bull. U.S. Geol. Surv.’ No. 209 (1908) p. 29. 


VII. Chloritoid-sericite-schist, Alpi Apuane (Italy). 


E. Manasse, Atti Soe. 


Tose. Sci. Nat. Mem. vol. xxvi (1910) p. 139. 
VIII. Analysis V, recalculated with addition of silica, weighted 100 grams to 
50 grams SiQg. 


IX 


. Culm-shale, Klausthal (Harz), O. H. Erdmannsdérfter, Jahrb. Preuss. Geol, 


Landesanst. vol. xxx (1909) p. 336. 


X. Slate, Bolivar, 


Bartow County (Georgia), T. N. Dale, Bull. U.S. Geol. Surv. 


No. 586 (1914) p. 72. 


The mineral composition of this rock, as caleulated from the 
chemical analysis, is as follows :— 


Per cent, 

Cordieritenee pee eee nee 23 
Spinel (ee cea eee 17°5 
Corundtm eee eee ene df 
Orthoclasemmen ea rere nee ane 23 
Albibe eee tera eens 18 
VATIO“ DUGO Meee Eee ame 5°5 
Imenite, apatite, etc.......... 6 

Total... 100 


This rock is remarkable for its low content of silica, combined 
with very high alumina. In the absence of definite knowledge of 
the manner of combination of iron, of lime, and of the composition 
of detrital chlorite, it would serve no purpose to resolve this 


analysis in terms of the minerals of a detrital sediment. 


teas 


necessary, however, to consider that the prime minerals were 
sericite and chlorite, and that kaolin, or even some free alumina, 


was also probably present. 


The low silica indicates that free 


” 
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quartz, if present at all, must have been quite a subordinate con- 
stituent. 

The chemical relations of this rock to the slate group are clearly 
established by inspection of Analyses VIII, IX, & X tabulated on 
p. 46. No. VIII represents Analysis V, recalculated with the 
addition of silica only, and its resemblance to the shale and slate 
analyses (IX & X) is noteworthy. 

A. Renard’s studies! of the slates of the Ardennes indicate the 
following variations in mineral composition :— 


Per cent. 
MTSCOVIGE* hanpntiscin skeen coneen. Ay 38 to 40 
Chilorittie ma ceacnontartmieasrnnannis 6 to 18 
Qiarr balan pecker tonwerinereniratin ea 31 to 45 
Tron-oress rutile «~.cccshnnaannne 4to 7 


Removal of 33 per cent. of silica from Analysis VIII gives a 
rock of the composition of the hornfels analysed. The close 
similarity in composition between VIII and X (a slate from 
Georgia) indicates that the corundum-cordierite-spinel hornfels is 
derived from a sediment of slaty type in which muscovite and 
chlorite dominated, and possessing little or no free silica. The 
Bolivar slate has been microscopically examined by T. N. Dale 
(op. ert. p. 71), and is described as constituted of muscovite, 
quartz, chlorite, carbonate, pyrite, magnetite, and rutile. The 
same conclusion as to the nature of the original rock might be 
gleaned from the mineral composition of the hornfels, for, with the 
addition of silica only, the hornfels type would be that of Class 1: 
namely, an andalusite-cordierite hornfels—the typical thermal 
product of a normal shale or slate. 

Analyses V & VII show a very striking resemblance, despite 
the widely different mineral compositions of the rocks. 

The influence of fundamentally dissimilar physical conditions 
during metamorphism, on rocks of much the same composition, is 
brought out very clearly in the mineral-assemblages of this Scottish 
corundum-hornfels and the Italian chloritoid-schist. 


Classes 1 (d), 1 (e), and 1 (7) have not been recorded from the 


aureole. 


Class 1 (gy) Spinel-Andalusite-Cordierite-Hornfelses. 


Only two rocks of this class are recorded, both from the slopes 
of Creag nah Jolaire. In the one case the aluminium-silicate 
mineral is represented by andalusite, and in the other by 
sillimanite. The sillimanite-fibres are embedded in a ground-mass 
of cordierite, orthoclase, and spinel, with magnetite. Some plagio- 
clase is also associated. In the andalusite type orthoclase is 
abundantly associated with cordierite (partly altered to a yellowish 
isotropic mass). The andalusite forms little prismatic crystals, 


1 Bull. Mus. Roy. Hist. Nat. Belgique, vol. ii (1882) p. 235. 
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or larger irregular cleaved masses, with negative elongation, in 
association with biotite and spinel. 

Erdmannsdérffer has described a rock from Ilsethal, which 
must be included in Class 1g. The analysis is as follows :— 


rE. 
SOM oe een CHM REtnccns tote 57:16 
NIU G ete ones hh een PR aR Pres Ae 19:18 
Fe,0, 2:23 
HeO ce: See oe Cee ne 622 
Mir Ompiermn tess. ac sn eaceneeee 2°62 
Oi Opa, Sab eeecnn rn ee ee 0°89 
IN gisO wait eoreaase cc camera eee eners 1°45 
KE Opa ctate es: ag Sn 5:72 
TAO ee seein. dene eee 3:57 
COO rca dice ee ee ee 0:07 
THO bese hs, wean ae ae eee 1:18 
PiOLke A; ahad peer stte tae een oe 0:13 
ht tee Oe te ers se Oe 0:02 
(Op poeteete a ei lee Be Re a ae on 0:01 

Motal ssa. 100-45 


XI. Cordierite-andalusite-spinel-hornfels, Isethal (Harz), O. H. Erdmanns- 
dirffer, Jahrb. Preuss. Geol. Landesanst, vol. xxviii (1907) p. 136. 


For the Comrie aureole a hornfels of Class 1g is abnormal. 
The derivation of the silica-poor hornfelses from Class 1 may be 
diagrammatically represented, as shown below :— 


1. Andalusite-cordierite. 


Pee 1 ~ 


la, Andalusite, cordierite, corundum. 1g. Andalusite, cordierite, spinel. 
1b. Cordierite, corundum. [1f. Andalusite, spinel. | 
lc. Cordierite, corundum, spinel. [le. Andalusite, corundum, spinel. | 


acces 


{1d. Corundum, spinel. ] 


In terms of the reversible equation suggested in a previous 
paper,! the cordierite-corundum pair is the stable association in the 
Comrie aureole. Hornfelses 1a, 16, and le are indeed in over- 
whelming preponderance in the aureole, and only two of Class 1g 
were discovered. Classes 1d, le, and 1, enclosed in square 
brackets, are unrepresented. 

As the two abnormal hornfelses oceur side by side with those of 
the left-hand side of the diagram, it is probable that hornfelses 
of Class 1g are, in reality, assemblages that have not reached ~ 
equilibrium, Considered as derived from Class 1, it is seen that, 


1 Geol. Mag. vol. Ix (1923) p. 105. {ane 


¢€ 


w~ 


es 
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under the pressure and temperature conditions in the Comrie 
aureole, andalusite is desilicated preferentially to cordierite. The 
question of equilibrium is further considered in a subsequent part 
of this paper. 


Assemblages of Four Phases. 


Hornfelses containing all four minerals together are found 
among the thermal products of the Carn Chois diorite, but only 
six rocks are known tome. They come from different parts of 
the aureole, at the contact in Daden Burn, at Tom a’ Mhinn, on 
the slopes of Creag nah Jolaire, and from the summit of Carn 
Chois. They resemble the cordierite-corundum-spinel hornfelses 
in their petrography ; but, in addition to these minerals, aluminium 
silicate appears either as andalusite or sillimanite. All four 
minerals occur together in one field of view of a 1-inch objective, 
and show no reaction-borders. The additional minerals are mag- 
netite, abundant potash-felspar, and biotite. The last-named 
mineral may be present only in very sparing amount. It will be 
necessary here merely to indicate the relations of the aluminium- 
silicate mineral, as in other respects the description given of horn- 
felses of Class 1 ¢ will suffice. Where this mineral is sillimanite, 
it occurs as long fibres, often bunched together in a sheaf-like 
arrangement. These prisms reach 1°5 mm. in length, and have a 
positive elongation: they are associated with spinel or magnetite, 
and set in the cordierite-base. There is no fixed orientation of 
these fibres, the crisscross arrangement being characteristic. (See 
PILLV, fig.:5.) 

In the andalusite types the aluminium silicate is much more 
uregularly developed, occurring, as in Class 1 (g) hornfelses, in 
short prismatic aggregates or irregular masses. They possess the 
high optic axial angle of andalusite and the negative elongation. 

Andalusite and sillimanite do not occur together in these rocks, 
as recorded by A. Lacroix,! R. Brauns,? and A. Bergeat.2 These 
rocks deserve some notice from the standpoint of the phase rule, 
and that question will be discussed in a subsequent section of 
this paper. 

A yock containing all four phases together has been described by 
Dr. J. 5. Flett+ from the Land’s End granite, where it is present 
as an inclusion. ‘The constituents are andalusite, cordierite, spinel.,. 
corundum, and (in addition) biotite and felspar.® 


1 «Contributions 4 l’Etude des Greiss & Pyroxene & des Roches 4 Wer-. 
nérite’ Paris, 1889, p. 205. 

2 Neues Jahrb. Beilage-Band xxxiv (1912) p. 111. 

3 Tbid. Beilage-Band xxx (1910) p. 587 & pl. xx. 

4 Mem. Geol. Sury. (Sheets 351 & 358) 1907, p. 30. 

5 This rock was originally described as containing sillimanite, in addition 
to the four phases above mentioned. I have been unable to confirm this 
determination from an examination of the slide; but Dr. Flett states that it 
was definitely isolated by extraction with acids. 


Q. J. G.S. No. 317. E 
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The analysis is as follows :— 


XII 

17g ce OE Re Lh ORM RN A745 
RU etree on tee ennen sre coset 217-48 
5, Ox ik atees on nar cen 1°44 
RENO Ys nee ter). ottnnc eed Tans cise Aree 8:60 
IW RAO c) wo wobtosecsqngace seoanouaoowes: 4°14 
Cal) pee er eee Leet ae 2:23 
Na,O 1:62 
TAO ae ene eee 2°75 
FET SO) Cie Recei hg AG ES an en 1:97 
H,O — 0-17 
ARO Py Fe arte, EN ee ee sick 1:26 
BeOo eee cone he cece hearer 0°26 
Po gal Sele tees el a Ad dn Be od 2 0-41 
CONT O DOE 28 Pet Pe ee 0:02 
Cis Ontg rails ith snc tt Men 0:02 
Vis, derestidyaryn itu tUeate amemirerttte 0:03 
OE fe GE Be Scien ROR ena 0:09 
IMO. Gren ecmncck three nee 0-15 
100:09 

Mess. OMnorehdo: Ole neae eee ener Opa 
Motaliene: 99-92 


Hornfelses derivable from Class 3 of the Free-Silica 
Hornfelses. 


In the free-silica hornfelses of Class 3, the entry of lime has 
resulted finally in the disappearance of andalusite, which is now 
represented in the anorthite member of the plagioclase. The 
hornfels of this type is a quartz-cordierite-plagioclase assemblage. 

In the siliea-poor hornfelses this class is represented by 


Class 3a. Cordierite, spinel, plagioclase, 
Class 3 b. Spinel, plagioclase. 


Class 38a hornfelses.—A typical example may be briefly 
described from the slopes of Creag nah Iolaire. It is a com- 
paratively coarse-grained rock, consisting of beautifully clear and 
large twinned crystals of cordierite, irregular grains of magnetite, 
with intergrown spinel and twinned plagioclase among the cor- 
dierite-grains. This plagioclase is not always readily distinguish- 
able from the cordierite, the twinning of which is also of the 
repeated type: it is, however, a coarser type of twinning. The 
cordierite has a grey-blue coloration in transmitted light. The 
plagioclase is clear and colourless, and shows a higher refraction 
than the cordierite. Its composition is that of a labradorite (27°). 
In another type biotite is present, and the cordierite is free from 
inclusions of associated minerals. The coarseness of grain is 
indicative of the high grade of metamorphism, during which the 
expulsion of foreign minerals has proceeded almost to completion. 
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Class 36-hornfelses.—In this class cordierite is absent, there 
being insufficient silica to combine with spinel to produce this 
mineral. Two rocks of this type may be noticed. In the first 
of these a banded texture is set up by biotite-rich and biotite-poor 
layers. The sole colourless constituent is plagioclase, poikilo- 
blastically enclosing octahedra of spinel. Biotite in red-brown 
flakes is abundant: this brown mica encloses many grains of 
green spinel and magnetite. The plagioclase is an acid labradorite 
of positive character. 

In the second of these rocks the texture is much coarser, and 
spinel is very abundant in both the labradorite and the biotite. Of 
cordierite, only a few grains of its pseudomorph in parts of the 
section indicate its former presence. Their entry here indicates a 
transition to the rocks of Class 3a. Rocks of Class 3 } are closely 
related to the hornfelses of Class 3, the biotite-plagioclase horn- 
felses described under the free-silica hornfelses. 


Non-Calcie Cordierite-S pinel- Hornfelses. 


We may derive from hornfelses of Class 1, Mg. i, by abstraction 
of silica, hornfelses of the type: 

Class 1, Mg. ia: Cordierite, spinel. 
Class 1, Mg.ib: Spinel. 

The first of these only is met with in the Carn Chois aureole. 
There are, as in other hornfelses, types of these rich in biotite and 
types which are biotite-free, the latter being correspondingly richer 
in spinel and magnetite. 

Cordierite is always the dominant mineral, and intergrown 
orthoclase often abundant. The spinel-magnetite aggregates may 
be quite coarse-grained. A rock from Craig More, 75 yards from 
the contact, is an interesting type. ‘The original rock was a slate, 
and the thin section preserves the banding of the original rock 
completely. Linear strings, largely of magnetite, represent the 
original bands rich in chlorite. All biotite has been replaced by 
cordierite, orthoclase, magnetite, and spinel. A rock from the same 
contact is wholly composed of irregular ovoid crystals of cordierite, 
measuring 1 mm. in length, and showing the typical sieve-texture 
contributed by orthoclase-, spinel-, and magnetite-inclusions. 


A cordierite-spinel hornfels from the slopes of Creag nah Jolaire 
has been analysed. The rock is a dark-grey resinous-lustred horn- 
fels, with a high content of cordierite, the remaining constituents 
being felspar, spinel, small amounts of biotite, and magnetite. The 
spinel is enclosed in the cordierite-grains, in the form of minute 
green drop-like grains ; but. it is not in large amount. 

The cordierite is pleochroic, giving weak violet tints as 

Z, Y = weak violet X colourless. 


The pleochroic haloes around the minute inclusions are yellow 


for X and colourless for Y and Z. , 
E 


m4 
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The alkali-felspar appears to be rather of a sanidine type than an 
orthoclase, for it has a distinctly low optic axial angle. Biotite 1s 
principally developed around the grains of iron-ore. Its quan- 
titative amount does not exceed 2 per cent. 

The analysis of this rock is tabulated below. 


lame TLL a0) CVs XVin | 
SOM etarsraignucaoe aera lee i EHS 49°91 
J UAO rat othr sa es Meena te 28°29 26°14 27°49 
sles Osta Metryenen Steed 67 eno 8S Fe 
BOs bese cases eee OSC Mn meme 7) ; Pats 
Mixes et eee earn 354 | ~ 2:98 0-19 
CaO me See eae ere 1:35 0-99 0°38 
INasOw botnets te atone 1°84, 112 073 
oO) ett eee ego 7:98) aa Ar69 2°54 
Fig A eee eee 5 O76 i et { 3:93 
HO es ee eee 0°04: | 0°36 
Pa Oph cnie ei ee ste tien tt tba 0:05 O11 | -- 
COs, See eer eee | nil a aS | 
DWOPmR re eee eee 0°60 155 1:23 
Mri Ole ee aera 0°34 = Ol 
lNiCoO) sits cc neth pecealian Be CLACE == = 
H.Gir= Ganout teens eee eee 0:07 0°50(SO3) = 
| Totals s.csen.vinee|) «2100/04 99°02 9913 
| Specific Gravity 15°/4°) =2:744. 2°82 2:95 


XIII. Cordierite-spinel-hornfels, Creag nah Tolaire, Glen Lednock.1 
XIV. Cordierite-spinel-hornfels, Diebesstieg (Harz), O. H. Erdmannsdorffer, Jahrb. 
Preuss. Geol. Landesanst. vol. xxviii (1907) p. 136. 
XV. Chloritoid-schist, Curaglia, Graubiinden (Switzerland), P. Niggli, ‘ Die 
Chloritoidschiefer des N6rdostlichen Gotthard-Massives’ Beitr. Geol. Karte 
Schweiz, n. s. pt. xxxvi (1912) p. 50. 


From this analysis the percentages of the minerals in the rock 
are given as :— 


Per cent. 
Cordicrite ts. tite. se ee 53 
Spinel + cosa Pde Ba a eke thot eee 5°95 
Oxrthoclaset 7 ate etka (6 eee TS 5 
ALB TG vee Ae ahh Meet n. Lia ater cornet sb 
AMOR CHIU peemen er nee Cree ne mene 65 
Biotitet. cate e ee 2 
TrOnsOres iObC sent coe eee eRe 4 
MoyENY son 100 


It is clear that the cordierite must be comparatively rich in 
ferrous iron. Even if the spinel is considered as a pure hereynite, 
the ferrous oxide/magnesia ratio in the cordierite is approximately 


1 Tn view of the importance of this analysis in the discussion that follows, 


the constituents have been redetermined, and the 


e ferrous oxide and ferric 
oxide values confirmed. ; ; 


: 
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unity. Whether such a ratio represents a saturation-limit for 
ferrous iron in cordierites (as has been assumed by some writers) 
is not clear, as most of the cordierites analysed have come from 
rocks not excessively rich in iron. This rock, despite its lime 
content, is best considered under Class 1, Mg. ia, owing to the high 
ferrous iron+magnesia content. The rock is here compared with 
a cordierite-spinel hornfels from the Harz described by Erdmanns- 
dérffer. The latter rock differs principally in the lower ferrous 
iron content and higher potash. An analysis of closer chemical 
resemblance is that of the four-phase assemblage hornfels cited 
on p. 50. 

We may compare the analysis further with that of a rock which 
is its dynamically metamorphosed equivalent: namely, a chloritoid- 
schist from Switzerland, described by Niggli. In addition to 
ehloritoid, this rock contains sericite, quartz, chlorite, iron-ores, 
and rutile. 

Another rock of this class, but richer in spinel, comes from the 
contact at Craig More, Comrie. It isa fine, dark-grained, resinous 
hornfels. Under the microscope it is seen to be built up essentially 
of cordierite, spinel, iron-ores, and alkali-felspar. The texture of 
this rock is noteworthy. Linear strings of iron-ore and spinel 
run through parts of the slide, indicative of alterations of com- 
position in the original sediment; but the most striking character 
is evinced by the manner of arrangement of the spinel, iron-ores. 
and alkali-felspar. 

The analysis of this rock is as follows :— 


XVI. 

SiO tee eae 44°52, 
lal Osgrnendahe wate. 28°63 
HO ehh tee 1°78 
BeO oo. .ee eee eeeeee teens 10°75 Mineral Composition. 
Ta) ed dot, 414 i 
Ca ee Ot Te 1°25 a er cent, 
INIA © Tae ate 3:21 Cordicrite yee. erence 26 
HO ap eieen tem notes! 2°69 Spinel ............eee 15 
H.O aE OT ve eee O45 Albite Semi ecaiiag co 27 
Oe a ted rR ALR 0:20 Anorthite RAC ea Canaer 6 
Pp 0. Tee ok Mele ce 0°03 . Orthoclase PRA ROL OCCA 16 
CO a Nie aoe aul Ilmenite ee nee tases 4A 
THO, WAIT SO: 2-05 Magnetite, pyrrhotite.. 6 
ir ee Total ec. 100 
Siar upcee dc oomepen erecta 0:27 
fof 0) Wikre Senarenne coco tr 

Rota Lae Rarer 99°97 


XVI. Cordierite-spinel-hornfels, at the contact with diorite ; 
Craig More, Comrie. 


The intricately twinned cordierite-masses have a rude porphyro- 
blastic habit. They contain enclosed spongy aggregates of low- 
refracting felspar, with some iron-ore and spinel. But the 
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porphyroblasts themselves are separated by a network of areas in 
which the spinel, iron-ores, and alkali-felspar are concentrated, 
the main porphyroblasts being much less rich in these constituents. 
The origin of this texture is somewhat obscure ; but it may be 
suggested that an attempt at clearing of the main cordierite areas 
from enclosed minerals is here observed, the spinel and iron-ores 
becoming enveloped in the more accommodating alkali-felspar, 
which stands lower in the graded crystalloblastic series of Becke. 
This rock is practically free from biotite. As the analysis given 
on p. 53 shows, much of the alkali-felspar must be albitic in 
composition, and all of it has a lower refraction than the cordierite 
or than Canada balsam. Pleochroie haloes surround minute zircon- 
grains enclosed in the cordierite. 


Hornfelses derivable from Class 4 of the Free-Silica 
Hornfelses. 
From these hornfelses we derive the following assemblages :— 
Class 4a. Cordierite, spinel, hypersthene, plagioclase. 
Class 4b. Spinel, hypersthene, plagioclase. 
Representatives of both these types are found.among the pro- 
duets of the aureole. 


Class 4.a4.—Rocks containing this assemblage are recorded from 
the contact at Invergeldie, and on the slopes of Creag nah Iolaire. 
The latter rock is of interest, as showing how closely-related types 
of hornfelses may be intimately associated. One part of the slide 
corresponds to a cordierite-spinel-plagioclase assemblage of Class 3 a, 
associated with an assemblage of Class 4:a, into which hypersthene 
enters. The pyroxene shows the characteristic pleochroism of the 
hypersthene of the hornfelses previously described. (See Pl. IV, 
fig. 3.) 

A remarkable hornfels from the contact at Invergeldie deserves 
more detailed notice here. It is a moderately coarse-grained rock, 
essentially built up of plagioclase, hypersthene, spinel, magnetite, 
biotite, and cordierite, and merits a full description, for the hyper- 
sthene attains a size exceeding that seen elsewhere in the aureole. 
It is a banded rock, the individual bands corresponding in com- 
position to Classes 4a & 46: that is, bands with and without 
cordierite. 

Hypersthene forms irregular to subidioblastic porphyroblasts up 
to 2 mm. in diameter. It is optically negative, with positive 
elongation. ‘The pleochroism is strong, and follows the scheme 


Z greyish green. Y reddish yellow. X pink. 


These hypersthene-grains are filled with little octahedra of green 
pleonaste, showing rectangular and rhomb-shaped sections. Mag- 
netite is similarly enclosed, and may form a core to a spinel-grain. 

In the cordierite-bearing bands, the pyroxene is partly immersed 
in large, clear, colourless, coarsely-twinned grains of cordierite of 
optically negative character, in which cleavage is rarely developed. 
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The remaining enclosures are green spinel, magnetite, biotite, and 

. plagioclase. Some of the cordierite is undergoing alteration to 

a green to greenish-yellow product, which (when alteration is 

complete) is almost isotropic. With incipient alteration a fine 

lamellation becomes apparent, and this is arranged parallel to the 
plane 001, as seen in idioblastie sections. 

Plagioclase may be the sole colourless constituent in some bands. 
It is alw ays in grains of much smaller dimensions, and is distinctly 
more highly refracting. It is, as a rule, multiple-twinned, and has 
the optical character of labradorite (28° zone perpendicular to O1@). 

Biotite is the most abundant mineral, developed in the charac- 
teristic red-brown flakes and enclosing spinel-grains. Apatite is. 
an accessory. Secondary products include chlorite, white mica, 
and some bastitic serpentine derived from the rhombic pyroxene. 

I am indebted to Mr. W. H. Herdsman, of Glasgow, for an 
analysis of this rock. As the mineral composition would indicate, 
it is a very basic type of sediment, and the analysis is noteworthy 
for the very low silica-percentage, combined with high ferrous iron 
and magnesia. The analysis, moreover, indicates that the plagio- 
clase-bearing bands are dominant, and that cordierite forms only a 
small percentage of the rock. If the formula of the hornfels 
biotite analysed by Jannasch be adopted here, there is only 
sufficient silica to form hypersthene with all the residual alumina 
appearing in pleonaste. The biotite must, therefore, be richer in 
the olivine-molecule than is indicated by that analysis. 

The analysis of this rock is as follows :— 


XVII. XVII. XIX: 

SHO eee: eer 40°20 60°1 58:28 
LSTO Ma carcee ag 2°42 16 0-21 
(ATK OMe pee setae 21°63 14:4 17:98 
Pe) aie: sen 3°13 al 2°42, 
BeOn Janae 12-29 8-2 6°52 
Mie Olen nue onnase 9°17 61 4°88 
CeO wee ate: 4°25 2°8 2°01 
Nate vation 1:94 io 1:39 
Ke OME Oh hte 2-16 1:4 4:29 
Oa wis 0°33 : ; 
HO anon 1:78 J Mee digs 
PO piencama on 0:06 — 0:07 
(COND) Okeeeneenne ir: — -—— 
1 GO ieee ae ae 0°35 — 0-17 
SN een. 0-18 — — 
SO ier oe 0-17 — — 
COR ee anatase tr. — _— 

Totals jevatn 100-06 99:4 100°41 


Specific gravity 16°/4° = 3-015. 
XVII. Spinel-hypersthene-plagioclase-cordierite-hornfels ; Inyergeldie Burn, 
Glen Lednock. 
XVIII. Analysis recalculated with the addition of silica. 


XIX. Hornfels of Class 4; essexite-contact, Sélvsberget (Norway). V. M. 
Goldschmidt, Vid. Selsk. Skrifter (1911) No. 1, p. 162. 
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The biotite being estimated as forming approximately 30 per 


cent. of the rock, the mineral composition is computed as follows: — 


Per cent. 

BrObiber eee eto eee LO 
Amioithitecteaeee reece eee ea 
iAlbibe Bee eee eee LG 
Hyperstheme .cicencsneeer 14 
@ordienitegeerrctas -cee-nerees 6 
Spinel > ee pats asetecee stant a 
HR OMIOTS! en een oer eae 8 

Moy W Sh ec 100 


The hornfels biotite analysed by P. E. Jannasch! corresponds 
to a formula 
H,K,Al,Si,0,; - 3(MgFe),SiO,, 
and the calculated composition of the biotite in this rock is close to 
H,K,Al,Si,O,, . 4(MgFe),Si0,. 


It is of interest to compare the analysis of this rock with that 
of a corresponding free-silica hornfels. For this purpose the 
analysis has been recalculated with the addition of silica, to con- 
form to the silica-percentage of a hornfels of Class 4, described by 
Dr. V. M. Goldschmidt from the essexite-contact of Sdlvsberget. 

It is clear that we may derive from the non-calcic free-silica 
hypersthene-hornfelses, by abstraction of silica, such types as the 
classes 

1, Mg ii (a) Hypersthene, cordierite, spinel, biotite. 
1, Mg ii (b) Hypersthene, spinel, biotite. 

None of these types are, however, recorded from this area, the 
hypersthene types being relegated to those in which plagioclase 
plays a prominent part. 


Accessory Minerals in the Hornfelses. 


Titanium-bearing minerals.—Rutile is not an infrequent 
accessory of the rocks outside the aureole, especially in the argil- 
laceous types. It is, however, much less common in the hornfelses 
derived from these rocks, and for the greater part the titanium 
appears in other minerals. 

In the biotite-free types of these argillaceous hornfelses, both 
free-silica and silica-poor members, titanium oxide is combined 
with ferrous oxide in ilmenite, which is readily recognized by its 
habit and manner of alteration. This applies also to the biotite- 
bearing varieties; but here it is clear that some of the titanium 
is absorbed into the biotite-molecule, analyses of which may show 
quite considerable amounts of this constituent. 

The chlorite of the ‘metamorphosed rocks may show rutile- 
needles enclosed within them, these being thrown out in the 


* Nyt Mag. f. Naturv. vol. xxx (1886) p. 318. 
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decomposition of the biotite from which the chlorite is originally 
derived, Some of this rutile is reabsorbed into the newly formed 
biotite in the hornfels zone. That these biotites do contain 
titanium is very clearly indicated by a similar production of rutile, 
when they are again secondarily changed to chlorite, the rutile- 
needles forming a sagenitic web in the chlorite pseudomorph. 

This mode of development of titanium is followed in the horn- 
felses of the classes richer in lime, as in the derivatives of Classes 
3,4, © 5. In Class 7, however, titanium appears in titanite, and 
this mineral is also noted in the epidote-hornfelses. 

In less lime-rich types titanite only occurs where the meta- 
morphism is incomplete, or in some of the sandstone-hornfelses, 
where it is apparently recrystallized from detrital sphene in a 
quartzose matrix. 


Apatite is common to all the hornfelses, oceurring in long 
needles with hexagonal cross-sections. Zircon likewise has a 
uniform distribution, and is the more readily recognized when it is 
enclosed in biotite or cordierite, so as to give the characteristic 
pleochroic haloes. 


Tourmaline is present in the hornfelses, both as a detrital 
constituent and as a pneumatolytic product. The detrital tour- 
maline very readily recrystallizes, and is of the common green- 
brown tint. Tourmaline of pneumatolytic origin is found only 
close to the contact, as at Creag nah Iolaire, where it forms 
radiating prisms developed along joints and fissures in the 
hornfelses. 


Pyrrhotite and pyrite are commonly met with in the argil- 
laceous hornfelses. They are present in these rocks, both in 
isolated grains and in thin parallel streaks traversing the hornfelses. 


X. Mrnerantocicat CHances IN METAMORPHISM. 


Having now considered the classification of the various hornfelses 
and the progressive changes which are observed to take place from 
the outer limits of the aureole to the contact, I propose to consider 
the conditions of genesis of these products from the standpoint of 
the original minerals in the rocks subjected to metamorphism. 

In any application of the phase rule to mineral-assemblages 
we arrive only at the possible mineral associations, the maximum 
number found together being limited at equilibrium; but the phase 
rule gives no information as to the particular mineral associations. 
I have attempted to indicate what these mineral-assemblages are, 
and their production can be represented by a set of ideal equations, 
which, be it observed, are not those likely to have operated during 
metamorphism in the rocks. 

The mechanism of the actual reactions is in many cases obscure ; 
but an attempt to determine some of the dominant rearrangements 
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will here not be out of place, and may serve as a comparison with 
the preceding section where the assemblages were ideally derived. 

This part of the subject is one frequently passed over without 
comment in memoirs on contact-metamorphism, and the reader is 
supplied with a mere mass of descriptive data, without any serious 
attempt to explain the conditions of genesis. 

The prime minerals that have taken part in the various reactions 
by which an ultimate recrystallized hornfels is formed are those of 
the slates and grits: namely, quartz, chlorite, sericite, perhaps 
some kaolin, iron-ores, hematite, limonite, rutile, and caleite. The 
most important of these are the first three (quartz, chlorite, and 
sericite). 

We may now consider the changes as they occur in progression. 
As noted above, the first sign of definite chemical change as the 
outer border of the aureole is entered is—whether in the Aberfoyle 
Slate-band or in the Ben Ledi Grits—the production of tiny flakes 
of brown mica amid the sericite-chlorite mass of the original rock. 

In this respect the changes noted here differ from the changes in 
certain other aureoles, where spotting begins with a clear chemical 
change in the production of ill-developed spots of andalusite or 
cordierite, thus preceding the development of biotite. 

Now, in the outer zone of the aureole in the slates, neither 
andalusite nor cordierite is recorded, these minerals making their 
appearance only in the true zone of hornfelses: in fact, andalusite 
is a comparatively rare metamorphic mineral of the aureole as a 
whole. 

The absence of both of these minerals in the early stages of 
metamorphism finds an explanation in the generalabsence of kaolin 
as a constituent of the unaltered rocks. Where andalusite occurs 
in other aureoles at this stage, kaolin or a similar hydrated sub- 
stance can be discovered in the original rocks; and, indeed, its 
presence may often be postulated from the results of analysis, there 
being insufficient potash to combine with alumina to form white 
mica. 

Thus, in those rocks in which kaolin is abundant, the first 
changes are of the type 


(a) H,A1,Si,0,>A1,Si0, + SiO, + 2H,0; 
(b) 8H,A1,Si,O, + 2H Mg.Al,Si,O,, + 3810, 
(kaolin) (chlorite) 


=5Mg,,A1,Si;O,, + 24H,0 
(cordierite). 


The production of biotite from chlorite and white mica is a 
change not easily represented. It is frequently to be observed that 
this very readily takes place where grains of iron-ore are enclosed 
in these matrices. This change may be represented as 


H,ALSi,0, 
K,H,A1,Si,0,, + 6Fe0 + 3810,= { “sit Sg! 6 


If the brown mica formed by the reaction of chlorite and white 
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mica conforms to the usual composition limits, 1t may perhaps 
arise from reaction of the sericite and the serpentine-molecule of 
chlorite, thus 


K,H,Al,Si,0,, + 2H,Mg,Si,0, 
K,H,Al,8i,0,, 


= 3Mg,Si0, + SiO, + 4H,0, 


the original chlorite being enriched in the amesite-molecule. 


As metamorphism advances, the biotite-flakes increase both in 
size and in number, until recrystallization of the whole rock begins 
with the disappearance of both chlorite and sericite, and. the 
incoming of cordierite and other minerals typical of the mner 
zone of hornfelses. Cordierite does not arise in these rocks from 
one type of reaction alone, and it is probable that at least three 
modes of genesis can be defined. Nor, on the other hand, does 
biotite arise solely by the reactions illustrated above. 

The next stage of change occurs where cordierite and biotite 
arise simultaneously by a reaction of the type 


4K,H,Al,Si,O,, + 6H,Mg,Al,Si,O,, + 9Si0, 


{ K,H,A1,Si,0., 3Me. Al Si 
— = eae a ‘ i.O .+ 24,0. 
a) 3Mg,Si0, Tole, At 1518 2 

Even in these reactions iron-oxides play a part, for the biotites 
of contact-rocks contain a high percentage of ferrous iron, higher 
than in the original chlorites. 


When the rock is completely recrystallized, potash-felspar is 
often a prominent constituent. Two sources of this mineral are 
available :— 


(1) Sericite. 


K,H,A1,Si,0, , + 2910, =2K AlSi,0, + 2A1,Si0, + 2H,0; 


so that in the sericite-rich members, provided sufficient silica be 
available, orthoclase and andalusite occur together; if, however, 
much chlorite was originally present, andalusite does not appear, 
being utilized in the production of cordierite. 


(2) Biotite.—Some potash-felspar is derived at the expense of 
biotite. This action is especially dominant in the highest grades 
of metamorphism :— 


{ K,H,A1,Si,0, ; : 
1 '3ae Sid, “| f + 12810, +2K,HAl,$i0,, 


=3Mg,Al,Si,0,, + 6KAISI,O, + 6H,O, 
or, again, 
3 biotite + 6 quartz=6 orthoclase + 3 cordierite + 4 magnetite. 


This latter reaction is a type characteristic of the highest grades, 
where the biotite is very rich in ferrous oxide. The evidence for 
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reactions of this type is very strong, and has been sufficiently 
emphasized in the preceding petrographical description (see 
pp. 87 & 44). 

In the absence of free quartz, corundum arises in rocks compara- 
tively rich in sericite, by a reaction producing, in addition, potash- 
felspar :— 

K,H,Al,Si,0,,=2A1,0, +2KAISi,0, +2 H,0. 


That this is a leading reaction in the production of corundum is 
proved by the frequent association of these two minerals, corundum 
idioblasts being embedded in a granular matrix of orthoclase. 


I can now indicate in tabular form the assemblages which arise 
from mixtures of sericite, chlorite, and quartz, when present 
together in varying proportions. In dealing with this problem 
considerable ight is thrown on their manner of genesis from the 
products which arise from these minerals, when they are subject to 
high temperatures at ordinary pressures. Thus, among the products 
of fusion of muscovite is corundum, and of normal chlorite olivine 
and spinel. 


Sericite-chlorite mixtures.—From rocks largely con- 
stituted of these minerals we may expect, according to the 
proportions, corundum, spinel, cordierite, or hypersthene. Thus, 
pure sericite can give rise to orthoclase and corundum, as in the 
equation set forth above, and a chlorite composed of equal parts of 
the serpentine-molecule and the amesite-molecule can give rise to 
olivine, enstatite, and spinel: thus 


H.Mg,Al,Si,0,,=Mg,SiO, + 2MgSiO, + MgA1,0, + 4H,0. 


Then mixtures of sericite and chlorite give the following :— 
orthoclase, olivine, enstatite, spinel, and corundum. 

But there are obviously reactions entering here which inhibit 
the presence of olivine: it is absorbed by the muscovite-molecule 
to give biotite. Furthermore, corundum and enstatite do not 
oceur together, but in their place arise spinel and cordierite. The 
ideal reaction would be 


5MgSiO, + 5A1,0,=Mg,Al,$i,0,, + 3MgAl,0,. 


Thus, with sericite-rich members of chlorite-sericite mixtures, 
all the enstatite and olivine are removed, and our typical hornfels 
then becomes an assemblage of cordierite, spinel, corundum, 
biotite, and orthoclase. This is the hornfels of Class 1 c. 

It is clearly indicated here that there is no reason to postulate 
free alumina in the sediment, as bauxite or laterite, to account for 
the oceurrence of spinel and corundum in these hornfelses. 

In the mixtures richer in chlorite a stage will be reached at 
which all corundum is used up in converting enstatite to spinel and 
cordierite, and so we derive assemblages of cordierite, spinel, 
biotite, and orthoclase. This is the hornfels of Class 1, Mg. ia. 
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Again, in chlorite-rich members more potential olivine will 
arise than can be absorbed by sericite to give the biotite- 
molecule. Another reaction, however, inhibits its presence: for 
cordierite and forsterite do not occur together, and in their place 
arise spinel and enstatite, thus :— 


Mg,Al,Si,O,, + 5Mg,Si0,=2MgAl,0, + 10MgSiO,. 


We thus arrive by gradual increments of chlorite in the original 
rock to an assemblage of cordierite, spinel, enstatite, biotite, and 
orthoclase. his assemblage i is the hornfels of Class 1, Mg. iia. 


In our silica-poor hornfelses mixtures of this richness in chlorite 
are not reached: for our cordierite-spinel-enstatite assemblages 


contain plagioclase, and belong to Class 4a. 


HORNFELSES OF SERICITE-CHLORITE RocKS. 


i, Orthoclase, corundum. 
ii. Orthoclase, corundum, cordierite, spinel, biotite. 
iii. Orthoclase, cordierite, spinel, biotite. 


iv. Orthoclase, cordierite, spinel, enstatite, biotite. 


If now, quartz be added to the original rocks, the classification 
is extended, as in the following table :— 


HORNFELSES OF SERICITE-CHLORITE-QUARTZ Rocks. 


Sericite. —— > Increasing quartz —~> 


Orthoclase, corundum. 


Orthoclase, andalusite, 
quartz. 


Orthoclase, andalusite, 
corundum. 


Orthoclase, cordierite, 
corundum, — spinel, 
biotite. 


i. Orthoclase, andalu- 
site, corundum, 
cordierite, 

li. Orthoclase, cordier- 
ite, corundum, 
biotite, and others. 


Orthoclase, andalusite, 
cordierite, quartz, 
biotite. 


Orthoclase, cordierite, 


t Orthoclase, cordierite, 
spinel, biotite. 


Orthoclase. cordierite, | 
biotite. 


quartz, biotite. 


Orthoclase, cordierite, 
spinel, enstatite, bio- 
tite. 


Orthoclase, cordierite, 


t cor’ Orthoclase, cordierite, 
enstatite, biotite. 


enstatite, quartz, 
biotite. 


Increasing chlorite 


On comparison of these assemblages with those described, it will 
be seen that they represent the classes already established. 
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XI. Rocx-Trextures or tHE Hornrers ZONE. 


The variety of texture shown by the contact-rocks of the 
aureole is not wide, but such as there is may be conveniently 
noted together in this section. We may distinguish porphyro- 
blastic types, such as the hornfelses of Class 1 & 1 a, in which the 
andalusite forms sharply bounded prisms with only a few inclusions 
of magnetite and biotite in a fine-grained ground-mass. Hyper- 
sthene may also appear in this manner, as in the hornfels of 
Class 4a & 46: here the hypersthene encloses numerous grains 
of spinel and magnetite. 

The typical hornfels texture in which the various phases possess 
a crystallizing foree of the same order (that is, minerals which 
appear close together in the order of the crystalloblastic series) is 
characteristically illustrated by hornfelses of Class 8 or Class 1 Mg. i,’ 
in which cordierite, orthoclase, quartz, and plagioclase are closely 
associated and intergrown. 

Sieve-texture is common here, as well as in other hornfelses. 
Thus, cordierite may form comparatively large spreading plates or 
uregularly bounded crystals (often multiple-twinned) enclosing 
the other constituents of the ground-mass—such as biotite, spinel, 
quartz, or orthoclase. Spinel is the enclosed mineral in the silica- 
poor hornfelses of Class 1. 

In the free-silica hornfelses, however, both quartz and orthoclase 
may appear as hosts for numerous cordierite or plagioclase-granules. 
In the hornfelses of Class 7, for example, the plagioclase is partly 
enclosed in quartz or orthoclase-plates in this manner, and ortho- 
clase acts in a similar way for cordierite-granules in the hornfelses 
of Class 4. 

The mode of development of plagioclase just described is entirely 
different from that in the silica-poor hornfelses, such as the biotite- 
plagioclase hornfelses and the plagioclase-bearing hornfelses of 
Classes 83a & 4a. Here the plagioclase forms idioblasts of tabular 
habit or equigranular grains, between which enter plates of biotite. 
Where quartz is abundant, however, it appears often capable of 
enclosing other minerals in the manner described above, and the 
same remark may also apply to orthoclase. 


XII. Size or Grarn or THE Rocks oF THE HorNFELS ZONE. 


In general, the coarsest type of hornfelses occur at the actual 
contact with the igneous rock. The best examples of such 
coarse-grained hornfelses occur at Invergeldie. On the slopes of 
Creag nah Tolaire beautiful fluor-violet hornfelses of coarse texture 
contain idioblastic cordierite-grains measuring up to 2 mm. in 
diameter. A hornfels from this locality has been described 
(Class 3). In these coarse-grained cordierite-rocks, this mineral 
is often remarkably free from inclusions. This is doubtless 
directly connected with the grade of metamorphism, the rejection 
of inclusions being increasingly facilitated as the grade of meta- 
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morphism advances. The sediment at the contact is maintained 
at a high temperature for longer periods than the rocks in the 
outer part of the hornfels zone, again facilitating an increase in 
size of grain. Experimental confirmation of this is given by the 
work on dry melts, and the studies of F. Rinne’ on ‘Sammel- 
kristallisation ’. 

Coarse hornfelses rich in biotite are found at the Invergeldie 
Burn contact, north of Invergeldie. Here the biotite-plates reach 
a diameter of 3/8 inch. 

While it is true that the coarsest hornfelses are found at the 
immediate contact, yet fine-grained hornfelses are also abundant at 
the same points. Some hornfelses of Class 3 & Class 1 Mg. i, 
are witness to this fact. Moreover, the composition of these is 
such that we must suppose that they were originally of the same 
order of grain-size before metamorphism as the sediments from 
which the hornfelses already described were produced: therefore, 
neither difference in original size of grain nor difference of com- 
position can account for these anomalies. 


Relation to original size of grain.—There is, however, a 
distinct relation between the present size of grain and the original 
size in many of the sandstone-hornfelses. The original quartz- 
and felspar-pebbles in the grits are often preserved in the highest 
grades. Even here, however, we may note the prevailing tendency 
of metamorphism to destroy the original inequality in size of 
grain between the pebble and its matrix. 

The large grains tend to become broken up into smaller grains 
of diverse orientation, and the gradual disappearance of the strain- 
shadows of the original grains is some measure of the accompanying 
recrystallization. In favourable cireumstances the evidence of 
original inequality in size of grain may be traced only in the 
heterogeneity in composition of the hornfels. 


Banding in hornfelses.—Hornfelses of two or even more 
classes associated together within the limits of a microscopic 
thin section are not infrequently encountered. Most commonly 
neighbouring bands comprise hornfelses of adjacent classes: for 
example, the described rock showing an association of hornfelses of 
Classes 3 & 5. A more remarkable example is an epidote-hornfels, 
with thin interbands of argillaceous composition, containing spinel 
and plagioclase. 

Banding, on the other hand, may arise from unequal distribution 
of a given mineral. ‘The minerals which set up banding in this 
way are principally biotite, magnetite, and spinel. Thus, biotite 
may occur in linear clusters between comparatively biotite-poor 
areas; or linear clusters of magnetite alone, ‘or combined with 
spinel, may play a similar part. Banding of this type, or of the 
more general type described above, must be set down to original 


1 Min. Petr. Mitth. vol. xxvii (1908) p. 395. 
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heterogeneity in the sediment, and affords eloquent testimony 
regarding the strictly limited radius of diffusion in metamorphism. 


Some of the most remarkable banded hornfelses are found on 
the southern slopes of Creag nah Jolaire, east of Invergeldie, and 
it is at this locality that the coarsest hornfelses occur. Practically 
all the recognized types of cordierite-hornfelses can be obtained 
from this locality. On weathered surfaces the banding of these 
hornfelses is very evident. Some of the narrow bands consist 
almost wholly of cordierite, which, owing to its resistant weathering, 
forms linear excrescences on the smooth surface of the rock. The 
contrast between the bands is further emphasized by the lilac or 
fluor-violet tint of the cordierite-rich layers as compared with the 
grey or white weathering of the less cordierite-rich bands. 


XIII. Metramorpuism oF [angous Rooks In THE 
Carn Cuors AUREOLE. 


Outside the aureole of the Carn Chois diorite, the sills and 
sheets of epidiorite which form part of the Dalradian System are 
in this neighbourhood made up essentially of hornblende, plagio- 
clase (either albite or oligoclase), zoisite, epidote, chlorite, and 
sphene. A little quartz, iron-ore, apatite, and biotite may also be 
present. 

These rocks represent dynamically metamorphosed gabbros or 
dolerites. The original pyroxene is now replaced by hornblende 
with chlorite, and the plagioclase by albite and an epidote-mineral 
(either zoisite or epidote itself). Some of the sphene represents 
original ilmenite, as is indicated by its habit; and some is doubtless 
derived as a bye-product of the pyroxene-amphibole conversion. 

These are the essential characters of the epidiorites of the 
Glen Lednock area. The changes that these rocks undergo when 
they become involved in the thermal aureole can be well studied 
in the epidiorite-sheet that is invaded by the diorite near Spout 
Rolla, west of Invergeldie. The rocks take on rapidly a hardened 
hornfelsic aspect, following partial or complete reconstitution. 

The early changes consist in the development of magnetite 
crowding the hornblende-crystals, the recrystallization of small 
hornblende-crystals in the base, and the production of brown mica, 
especially in the vicinity of magnetite. At the same time, zoisite 
and epidote begin to disappear, and the same remark applies to 
sphene. These changes result in the production of more basic 
felspar, the albite and zoisite reacting to give a more calcic plagio- 
clase. 

Closer to the contact, the changes are stili more fundamental, 
and pyroxenes arise in place of amphibole.! 


1 Garnet has been found in one of these metamorphosed epidiorites. Its 
associated minerals (pyroxene and calcite) are a good index of its nature: to 
wit, grossularite, and it is probable that the association is the metamorphic 
product of a calcareous vein in the original epidiorite. 


&Q. J. @.8. No. 817. F 
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The ultimate product of this metamorphism is a granular 
pyroxene-hornfels, in which some hornblende is still preserved. 

An example from the contact at Spout Rolla may here be 
noticed. This rock has lost all the macroscopic characters of the 
somewhat foliated epidiorite outside the aureole. Lelict grains of 
fibrous uralite are, however, still shown in thin section; but the 
rock is now a dark-grey hornfels. The constituents are hornblende, 
diopsidic pyroxene, hypersthene, plagioclase, biotite, and iron-ores. 

Hornblende is present in large grains as in the original rock, 
and as granules in the felspar ground-mass, but these show various 
stages of conversion to pyroxenes, with which is associated 
magnetite. Diopside is recognized by its high double-refraction, 
wide extinction-angle, and the absence of pleochroism. The 
associated hypersthene, on the other hand, shows the typical pink- 
green pleochroism, low birefringence, and straight extinction. 
Ultimately, the original hornblende-grains may be almost completely 
transformed into an aggregate of the two pyroxenes. Biotite is 
typically developed around grains of iron-ore. The hornfelsic char- 
acter of the rock is, however, largely imparted by the equigranular, 
almost pflaster texture of the felspar: this has the composition 
of labradorite. The titanium in the original epidiorite’ must now 
be largely distributed between the iron-ore, biotite, and pyroxene. 
The change of amphibole to a mixture of the two pyroxenes is 
that naturally expected under high-temperature conditions, and is 
clearly a transformation of the type 

CaMg,Si,0,, = CaMgsi,O, + 2MgSi0,. 

This rock shows very clearly an approach to the mineralogical 
composition of sedimentary hornfelses of Class 6: namely, hyper- 
sthene-diopside-plagioclase ; and, if the hornblende had been com- 
pletely transformed into pyroxenes, the resemblance would be very 
striking. The quantitative proportions of the various minerals, 
however, are different, and this is revealed by chemical analyses of 
such rocks. It is, nevertheless, quite clear that the minera- 
logical composition of a reconstituted hornfels is 
independent of the original mineral composition: for, 
as this rock shows, in the one ease the original type was of 
igneous origin, and in the other a calcareous shale. 


XIV. Tue Conprrion or Equtniprium In THE INNER 
ZONE OF HORNFELSES. 


The measure of success with which the phase rule can be applied 
to mineralogical assemblages in rock-metamorphism, and the 
utility of an ideal classification of metamorphosed sediments 
developed with its aid, must of necessity largely depend on the 
approach towards equilibrium condition of the final products. 

In subjecung mineral-assemblages to the test, it seems hardly 
necessary to emphasize that—where discernible — secondary 
minerals must be ruled out, that only those minerals which come 
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within a common sphere of diffusion must be considered. Yet we 
find repeatedly in descriptions of rocks that mere lists of minerals 
are given, often without any indication of important mineral 
associations. Not all the minerals observed in a rock-slice can 
always be considered as part of one reacting system, for some of 
them may be protected from interaction by a barrier imposed by 
others, the range of diffusion being quite limited. Thus spinel 
and quartz, as also corundum and quartz, may appear in the same 
thin section, but are never observed in actual contact, yet petro- 
logical descriptions abound, in which no comment is made on 
unusual combinations, the reader being left in doubt as to the 
actual association. ‘The importance of these considerations from 
the genetic standpoint can scarcely be overestimated. If the rock 
be not considered rigidly from the standpoint of the primary 
reacting system, it is easy to see that a false idea of the degree of 
approach towards equilibrium to which the rock has attained will 
be given. The mineral assemblages of accidental xenoliths, where 
the reacting system is brought into contact with foreign liquid 
(magmatic solutions), represent a complex system in which 
equilibrium is often not likely to be attained. Suflicient time 
has not permitted the system to react as a single unit, and 
such assemblages ean frankly be considered as unstable, to be 
excluded from the general case of rocks of the inner zone of 
hornfelses, such as we are considering here. Excellent examples 
of the case just given are illustrated in the pyrometamorphic rocks 
of Brauns1! from the Laacher See district of the Eifel, and in the 
xenolithie masses in the tholeiite intrusions of Mull, as described 
by Dr. Herbert H. Thomas.? But such examples are of great 
interest and importance, as indicating the direction in which the 
approach towards equilibrium is tending, and throw light on the 
genesis of other assemblages. 

The products of outer zones of thermal aureoles must also be 
excluded, and it should be obvious that the equilibrium condition 
is unlikely to be attained in those cases where only the reactions 
most susceptible to a rise of temperature have progressed. 

The ideal classification of hornfelses must confine itself to the 
inner zone of hornfelses, where the whole rock is reconstituted and 
recrystallized. With this understanding the condition of equili- 
brium may be examined. The mineral assemblages as now revealed 
are those presumably arising under the condition of the highest tem- 
peratures attained, to which the particular system was exposed. 
The existence of this assemblage at ordinary temperatures indi- 
cates that, during the cooling of the rock, the chemical reactions 
appropriate to lower temperatures did not proceed to any marked 
extent. The equilibrium, or approach thereto, is therefore that of 
the highest temperature. The difficulties would be of less moment 


1 R. Brauns, ‘Die Kristallinen Schiefer des Laacher See-Gebietes & ihre 
Umwandlung zu Sanidinit’ Stuttgart, 1911. \ 


2 Q.J.G.S8. vol. xxviii (1922) p. 229. ‘ 
Pig 
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if these ideal conditions were always realized; but, unfortunately, 
the system does not always remain non-reacting on the cooling 
curve. his is clearly the case (to take one example only) in 
certain amphibole-hornfelses, where an original pyroxenic hornfels 
is partly or wholly converted to an amphibole type. The condition 
of the reacting system may thus be in part changed during its 
later history, and these subsequent changes may not always be 
discernible by examination of thin sections. Under these con- 
ditions, the number of phases represented in the system may well 
exceed the number of components, even if we assume that at 
the highest temperatures the rock-unit had reached equilibrium. 

Dr. A. Harker! has observed that the comparative rarity of zoned 
crystals in metamorphosed rocks suggests that equilibrium is more 
promptly attained, or more closely approached, than in a erystal- 
lizing magma. The same conclusion might be reached from the 
consideration that in the metamorphosed rock the system reacts, 
and is adjusted to the conditions of elevation of temperature ; 
whereas in the igneous rock it responds to a falling temperature, 
where the ‘lag effect’ is much greater. 

These considerations apart, however, the fact that equilibrium is 
very frequently attained in the inner zone appears to be indicated 
by the success with which the hornfelses can be partitioned in 
some ordered scheme, as represented in the classification adopted 
above. Hxceptions must be admitted, carefully noted, and con- 
sidered. In the present incomplete state of our knowledge of the 
constitution of certain of the mineral phases, there must be often 
some difficulty in determining or inferring (guessing, as J. John- 
ston & P. Niggli? would have it, with certain rocks) the number 
of components; and, with a lax inference, it would be possible to 
indicate most rocks as conforming to the phase rule. It is here 
that caution is particularly necessary. 


We may now return to the consideration of specific hornfelses. 
as a test of complete attainment of the equilibrium condition. In 
dealing with the various assemblages of the corundum- and spinel- 
hornfelses, a number of abnormal types were described, containing 
four phases: namely, the corundum-spinel-cordierite-Al,SiO, asso- 
ciations referred to on p. 49. The four- (or possibly five-) phase 
assemblage described by Dr. J. S. Flett® may also be noted here, 
an analysis of which is quoted on p. 50. Rocks of this type can. 
only be considered as having reached equilibrium if magnesia and 
ferrous oxide are treated as independent components. The justifi- 
cation of such an assumption is, however, not evident to the 
present writer. 

The crucial point is disclosed in the composition of the cordierite: 
phase. To what limit is the replacement of magnesia by ferrous 


? Q.J.G.S. vol. Ixxiv (1918) p. lxviii. 
® Journ. Geol. vol. xxi (1913) p. 589. 
* Mem. Geol. Sury. (Sheets 351 & 358) 1907, p. 30. 
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oxide in the cordierite possible in systems developed under the con- 
ditions of pressure and temperature prevalent in thermal aureoles ? 
Their separation is justifiable, only if in the rocks concerned 
the cordierite is saturated, or has reached the maximum possible 
ferrous oxide/magnesia ratio, if indeed pure iron-cordierites are 
incapable of existence. 

The simple mineralogical composition of the analysed rock 
tabulated on p. 52 enables one to show that the cordierite must 
at least possess a ferrous oxide/magnesia ratio of unity, and so the 
saturation-limit cannot be below this value. In thin section, the 
cordierite betrays its high iron-content by marked pleochroism 
(see p. 51). 

Moreover, if H. Biicking’s analysis be correct, much higher 
contents of ferrous oxide in cordierite are possible (Neues Jahrb. 
vol. 1, 1901, Referate, p. 72) 

Now, the cordierites of the four-phase assemblages from the 
Carn Chois aureole do not show the pleochroism in thin section of 
those of the analysed rock, and there is no warrant to assume 
that they are saturated. The same point is brought out by 
examination of the Cornish hornfels, and its analysis. In this 
rock there is no trace of pleochroism or colour in the cordierite, 
and the accompanying spinel is a very pale-green type, much less 
strongly coloured than the spinel of the analysed Comrie rock. 
In the light of these facts, the conclusion is reached that the 
four-phase assemblages have not attained equilibrium, and, if 
Dr. Flett’s contention that andalusite and sillimanite are found 
together in the Cornish hornfels be correct, the departure from 
equilibrium conditions is still greater, for these two minerals must 
be treated as separate and distinct phases. Andalusite and silli- 
manite are not recorded from one and the same rock in the Comrie 
hornfelses ; but assemblages such as corundum-cordierite-spinel- 
andalusite and corundum-cordierite-spinel-sillimanite may be found 
close together in the field, as at Creag nah Iolaire. It is difficult 
to believe that this close association 1s connected with temperature 
distribution, and no clear explanation is forthcoming, unless some 
resort is had to W. Ostwald’s law of successive reaction, in which 
equilibrium is finally approached by passage states through meta- 
stable forms. 

The occurrence of these hornfelses in thermal aureoles, however, 
does not in my view invalidate the use of the classification adopted 
for the rocks of the hornfels zone, but serves to indicate that 
equilibrium in the inner zone of hornfelses is closely approached, 


rather than completely attained. 


Tn conclusion, I wish to record my indebtedness to Dr. A. Harker 
for encouragement and advice during the progress of these studies ; 
to Dr. J. S. Flett for helpful criticism ; and to Mr. J. M. Wordie 
for the free use of his collection of rocks and slides from this area. 


70 DR. C. E. TILLEY ON | vol. Ixxx, 


EXPLANATION OF PLATE IV. 
[All the figures are magnitied 31 diameters. | 


Fig. 1. Hornfels of Class 7 (diopside-plagioclase-hornfels). The constituents 
are diopside and biotite, enclosed in a base of quartz, orthoclase, 
and plagioclase, the last-named appearing as granules in the quartz 
and orthoclase. (See p. 35.) 

2. Hornfels of Class 1 Mg. i (cordierite-hornfels), The constituents are 
cordierite, biotite, quartz, and orthoclase. The cordierite is present 
partly as granules within quartz-grains. (See pp. 36-37.) ; 

. Hornfels of Class 4 a (cordierite - hypersthene - spinel - plagioclase). 
Hypersthene with numerous octahedra of spinel in a base of twinned 
cordierite enclosing plagioclase and spinel. (See p. 54.) 

4, Hornfels of Class 1 Mg. ii (cordierite-hypersthene-hornfels). The 
numerous grains of hypersthene appear in a colourless base of cor- 
dierite and orthoclase with magnetite. (See p. 38.) 

5. Corundum -cordierite - spinel - sillimanite-hornfels. Large corundum- 
grains in a base of cordierite and orthoclase. On the left silliimanite, 
which is also present in needles in the cordierite, Spinel-grains 
appear dark. (See p. 49.) 


is) 


Discusston. 


Dr. Anrrep Harker congratulated the Author upon a valuable 
contribution to British Petrology, embodying the most compre- 
hensive study of a metamorphic aureole hitherto made in the 
Highland region. he rocks described included an unusually wide 
range of variety. Of special interest were the hypersthene-bearing 
types, the banded rocks rich in cordierite, apparently of a notably 
ferriferous kind, and the quartzless hornfelses characterized by 
corundum and spinel: all these rocks belonged to types little 
known in Britain. 

Dr. L. L. Fermor said that he was greatly interested in the 
paper, and especially in the Author’s deduction from analyses that 
the cordierite present in some of these rocks contained an 
abnormally high proportion of iron, the ferrous oxide/magnesia 
ratio being as high as 1:1. He thought, therefore, that he might 
appropriately mention a curious series of rocks formed on the 
Indian coalfields by the meiting at the outcrop of shales (and sand- 
stones) overlying coal-seams, when the latter caught fire. The 
rocks thus formed had been completely melted, and usually showed 
the vesicular and flow-structures so often seen in true lavas: on 
account of this similarity, and the fact that these sediments had 
been completely melted at the surface, the speaker had referred 
elsewhere to the resultant rocks as para-lavas. Under the 
microscope they normally showed a glassy matrix, with abundant 
phenocrysts of a variety of minerals, among which mention might 
be made of cordierite, sillimanite, enstatite, plagioclase, and an 
iron-ore. ‘The cordierite-crystals were pseudo-hexagonal in crystal+ 
lization, showing the normal interpenetration-twinning ; this is 
noticed at once without the nicols being crossed, on account of the 
strong pleochroism of the mineral, which is violet in thin sections. 
A quantitative analysis of a specimen of rock containing this 
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cordierite showed the presence of so small an amount of magnesia 
that it is necessary to deduce that there must be an iron-cordierite 
almost devoid of magnesia. The Scottish cordierite, with a ferrous 
oxide/magnesia ratio of 1:1, is faintly violet in thin section, and 
the Indian cordierite, with very little magnesia, is strongly so. 
From this it appears to follow that the violet colour of cordierite 
depends upon its iron-content. 

It is interesting to note that the rocks described by the Author 
have been formed from argillaceous sediments by regional 
metamorphism followed by contact-metamorphism, while the 
Indian para-lavas have been formed direct from argillaceous 
sediments by direct fusion at surface-pressures. 

The AurHor expressed his thanks for the kind reception of the 
paper. It was of great interest to hear of Dr. Fermor’s discovery 
of cordierites so rich in ferrous oxide. The existence of such 
cordierites very strongly supported the view that magnesia and 
ferrous oxide were mutually replaceable without limit in this 
mineral. In this respect, cordierite- fell into line with the 
magnesia-spinel-hereynite and rhombic pyroxene group of minerals. 
Material support was thus given to the view which he (the Author) 
had taken that ferrous oxide and magnesia, in the critical rocks 
considered, were to be grouped together as a single component. 
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I. INTRODUCTION. 


Tue island of Islay occupies a peculiarly critical pasition in 
connexion with existing controversies regarding the Highland 
metamorphic rocks. 

The history of the various opinions held on the North-West 
Highlands is given somewhat fully in the Geological Survey 
Memoir (2, pp. “H32). 1 In brief, it was generally believed for 
many years that the geology of the Highlands was comparatively 
simple. ‘The apparent succession in the north-west was accepted 
as the true one, and, as Cambrian rocks there underlay the 
gneisses and schists which covered the greater part of the High- 
lands, these were supposed to be Paleozoic rocks, regionally altered 
by post-Silurian movement. Although Nicol had argued that the 
succession was deceptive, and in 1860 had in reality indicated 
the correct solution of the main structural problems, Murchison 
and his supporters long maintained their position. The chief 
point at issue was settled by the work of _ Lapworth, published 
in 1883, after which the ‘ upward succession’ was abandoned. 

But the unidentified gneisses and schists at the top of the 
apparent succession: that is, those above the Moine Thrust, covering 
most of the Highlands, were still regarded as largely altered 
Paleozoic rocks, although the original evidence for this view had 
disappeared. Lapworth held the ‘eastern schists’ to be, unlike 
the Lewisian Gneiss, of post-Silurian dynamical manufacture from 
Archean and later rocks. 


1 Numerals in parentheses refer throughout to the bibliography, § X, 
p. 100, 
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The Geological Survey, mapping down the west coast of Scot- 
land along the great thrusts, accepted, generally speaking, the 
theories of Lapworth, the tendency being to treat the schists that 
spread over the mountain-area beyond the Moine Thrust as Torri- 
donian and later sediments, dynamically metamorphosed in post- 
Silurian times. Exposures of Lewisian type were looked upon as 
inliers. 

The officers of the Survey were, however, also engaged in 
mapping the ‘ Dalradians’ of the South-East Highlands, where 
one of its members, Mr. G. Barrow, built up an altogether different 
series of hypotheses. Having established that the south-eastern 
boundary was also a thrust, he regarded the whole of the Dalradian 
rocks as Archean, and equivalent in age to the pre-Torridonian 
Lewisian Gneiss and Loch Maree Schists, any petrographical 
differences being referred to varying grades of metamorphism 
(substantially Nicol’s view). He considered the metamorphism 
to be entirely pre-Torridonian and fundamentally thermal in origin. 
He insisted on the identification of a single sequence of rocks 
stretching across Scotland from east to west. 

Obviously, these two lines of work must ultimately cross and 
overlap at some critical point, where a part at least of the differing 
views could be tested over the same ground. An ideal locality is 
found in Islay, where the South-Hast Highland sequence and the 
Lewisian Gneisses were found to come together, and where the 

. £ . ° 
geologists working southwards along the Moine Thrust and those 
working south-westwards from the Aberdeen district must meet. 
The greater part of Islay is, further, especially fitted for the 
investigation of Highland problems, in that the rocks are well 
exposed and in a state of very slight metamorphism, closely 
resembling ordinary unaltered Paleozoic strata. 

The official Geological Survey maps of Islay were published in 
1898 and 1900 respectively, and the memoir (8) in 1907. The 
chief conclusions (apart from certain points affecting the south- 
eastern part of the island) were as follows :— 


(i) The Rhinns, or western peninsula of Islay, was composed of Lewisian 
Gneiss overlain by Torridonian. 

(ii) The Torridonian continued across the gap between the Rhinns and 
the eastern portion as the ‘ Bowmore Grits’. 

(iii) These Bowmore Grits were covered by a series (which, for brevity, I 
have termed henceforth the ‘Islay Series’) of quartzites, phyllites, 
limestone, ete., brought up by a great thrust, the ‘Loch Skerrols 
Thrust’. 

(iv) As to the order of this series, a conglomerate (Portaskaig Conglo- 
merate) was regarded as younger than the Islay Limestone. 

(v) Folded into the Islay Series were certain later dolomitic and quartzitic 
rocks, the ‘ Dolomitic Group’, believed to be the equivalent of the 
Cambrian of the North-West Highlands. 


In 1916 Mr. E. B. Bailey read before the Geological Society a 
paper entitled ‘The Islay Anticline’, which was published in the 
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following year (4). The more important conclusions affecting 
Northern Islay were 
(i) The historic view with regard to the Lewisian-Torridonian nature of 
the Rhinns was confirmed. 
(ii) The Bowmore Sandstone was separated from the Torridonian of the 
Rhinns by a great fault, as had been suggested by Mr. Barrow. 
(iii) The ‘ Loch Skerrols Thrust’ was confirmed, and correlation with the 
Moine Thrust suggested. 
(iv) The Dolomitic Group was held to be intercalated in, not folded into, 
the Islay Series. 
(v) The view of the officers of the Geological Survey that the Portaskaig 
Conglomerate was younger than the Limestone was confirmed. The 
structure of Islay was regarded as anticlinal. 


During the discussion of this paper a communication was read 
from Dr. B. N. Peach, in which, ¢rter alia, he controverted 
Mr. Bailey’s view that the Dolomitic Group was an intercalation, 
and repeated that the ‘Bowmore Sandstone’ extended into the 
Rhinns, crossing the great fault inserted by Mr. Bailey. 

Mr. G. Barrow, however, who had spent a fortnight in Islay, 
made some sweeping assertions as to the structure. While sup- 
porting Mr. Bailey’s conclusions with respect to the fault east of 
the Rhinns and to the intercalation of the Dolomitic Group, he 
said that the Bowmore Sandstone was also part of the Islay Series ; 
that the Loch Skerrols Thrust had no existence; that the Limestone 
was younger than the Portaskaig Conglomerate; and that the 
structure was, therefore, synclinal. 

At the time when Mr. Bailey’s paper was read, I had already 
concluded that Islay must be looked upon as perhaps the most 
eritical area involved in the Highland controversies; and I 
naturally inferred from the paper and discussion that a hypothesis, 
such as that put forward by Mr. Barrow, which, when it arrived 
at the critical area, demanded the abolition of an immense thrust, 
proved by very detailed mapping, was not worth much further con- 
sideration. But, on looking afterwards at the account of the Bow- 
more Sandstone in the Geological Survey Memoir (8, pp. 25-27), I 
was impressed by two curious facts, which had not been mentioned 
in Mr. Bailey’s paper, or in the discussion thereon. These were, first, 
the presence of massive epidiorites in the Bowmore Sandstone, 
whereas such rocks were entirely unknown elsewhere in the Torri- 
donian, or in demonstrably later Scottish strata; and, secondly, 


the occurrence of granite-pebbles. It was stated in the Memoir 
(p. 26) that 


‘pebbles of quartzite, quartz-schist, granite, felsite, and stained quartz were 
obtained, representing an assemblage of rocks identical in character with that 
illustrated by the pebbles of- the Torridonian arkoses of Applecross, Loch 
Torridon, and elsewhere in the North-West Highlands’, 

But, in the North-West Highland Memoir (2, pp. 279-284, ete.), 
granite is not recorded in the list of pebbles noted in the Apple- 
cross Group of the Torridonian System. Indeed, it would appear 
that granite-pebbles are absolutely unknown in any part of the 
Torridonian other than the basal beds. Still more remarkable, the 
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map (Scotland, 19) showed an epidiorite cutting, and therefore 
presumably later than, the thrust. i 

It was clear that there was something mysterious about this 
Bowmore Sandstone, and I decided ‘to examine it at the first 
opportunity, which did not arise until 1921. 


Il. Perrograrnry. 


_ In order that the various lithological correlations made in the 
following pages may be properly supported, a more detailed de- 
scription is required than has hitherto been given of the different 
members of the Islay Series concerned in the structure of Northern 
Islay (the formations which succeed the Jslay Quartzite in South- 
Eastern Islay have not been studied, and are omitted). In the first 
place, it is essential to define certain of the terms used; and this 
is the more important, as it became obvious, at an early stage. of 
the work, that a large amount of confusion and controversy has 
been occasioned in Islay by an unusual extension of the term 
‘quartzite ’, which has been constantly used to cover arkoses with 
20 to 30 per cent. of felspar and slates of greywacke aspect. 
Referring to the northern part of the island, the Survey Memoir 
(p. 43) observes : 

‘The quartzite included in this series ranges in texture and composition 
from a coarse felspathic pebbly grit through a massive fine-grained purely 
siliceous quartzite to a flaggy impure rock which might be described as a 
sandy phyllite,’ 
and the word has often been applied to rocks which, on examina- 
tion in the field, prove to be unlike quartzite properly so called. 

The classic writers seem always to use ‘quartzite’ for an 
almost pure siliceous rock. Lyell (‘ Principles’ 9th ed.) defines 
it as ‘an aggregate of grains of quartz, sometimes passing into 
compact quartz’. Sir Archibald Geikie (‘ Textbook’ 38rd ed.) 
writes : 

‘It is a granular to compact mass of quartz, generally white, sometimes 
yellow or red, with a characteristic lustrous fracture.... the rock originally 
consisted of a tolerably pure quartz-sand ’. 


Prof, C. K. Leith (‘ Metamorphie Geology’ 1915, p. 122) states 
that when a quartz-sand 

“becomes so thoroughly cemented that it breaks through the clastic grains, it 
is called a quartzite. The cement then is nearly all, if not entirely, quartz’; 
and later he writes : 

‘by cementation quartz-feldspar-sand becomes arkose and quartz-feldspar- 
ferromagnesian sand becomes graywacke’ (op. cit. p. 180). 

The foregoing quotations, which could.be easily multiplied, show 
that, in general usage, quartzite signifies a fairly pure quartz- 
rock. An important point is that such a rock changes but little 
in external aspect with higher metamorphism, so that no change 
of name is necessary; whereas felspathie or argillaceous rocks 
change greatly. * 

For the purpose of this paper the term arkose has been applied 
to quartzose rocks with scanty matrix, in which 10 per cent. or 
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Fig. 1.—Index sketch-map of part of Islay, oriented north and south. 
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more of the grains near the average size of grain (grade) are 
felspar. In stating this proportion, the average has been taken of 
a number of counts in microscopic fields, usually only to the nearest 
multiple of 5 per cent. In most of such rocks in Islay the pro- 
portion is about 20 per cent. 

Rocks in which an argillaceous matrix is more plentiful are in 
Islay fine-grained and often cleaved. The felspar is difficult to 
distinguish. Such sandy rocks in which obvious felspar+argil- 
laceous matter can be roughly estimated at more than 10 per cent. 
of the whole are called sandy slates, greywacke-slates, or 
greywacke; but I have not met enough gradations in Islay to 
be able to generalize. 


In the following description I have tried to distinguish between 
what is, and what is not, generally agreed regarding the order of 
succession. 

At one end of the sequence come 


The Dark Slates (Mull of Oa Phyllites)—A rather soft, 
dark-grey, silty slate, usually pyritous. It contains a great deal 
of clastic chlorite. Where I have seen it, it is not phyllitic, but 
resembles a Palzeozoic slate. 


£:3, The Caleareous Passage-Beds.—The passage between the 


Dark Slates and the Limestone is composed of interbedded white 
limestone and calcareous black mudstone or slate, often micaceous. 
These beds are often exposed, and are useful in mapping. 


The Limestone.—A blue limestone, much resembling many 
Paleozoic limestones. It is minutely crystalline, and usually 
sheared and contorted. Itis sometimes rather sandy, the grains 


_ being much corroded ; and often contains numerous quartz-veins, 


possibly representing dissolved sand. 

In the north of Islay the junction between the Limestone and 
the Portaskaig Beds is usually direct. There may be an inter- 
vening band of dolomite ; but, in view of the occurrence of dolomite 
within the Portaskaig Beds, it may be regarded as part of the 
latter. In a few places (for instance, by Drom Alaidh, near 
Scarrabus) a little sandy black slate comes in between. It is 
different from the Dark Slates, being ferruginous and containing 
scattered sand- and grit-grains. Where I have seen this, the black 
slate is not important enough to be mapped separately; but there 
is some reason to think that it is thicker and more continuous 
farther south. 


The Portaskaig Beds.—This horizon has formerly been 
ealled the ‘ Portaskaig Conglomerate’. But a great part of the 
material placed by the Geological Survey under this head is not 
conglomeratic, and, in order to avoid misconception, I propose to 
use a less closely defined term which can, if good reason be shown, 
be somewhat extended. The following description refers only to 
rocks coloured by the Geological Survey as conglomerate :— 
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The dominant material is rounded quartz-felspar sand and grit ; 
the amount of felspar increases with the grade: for grade 0'5 mm. 
it is usually 25 per cent. ‘The felspars are mainly orthoclase and 
acid oligoclase; about one in six is microcline. The quartz is 
rarely ‘hairy’; the maximum proportion of such grains that I 
have found is 1°5 per cent. The interstitial material, mostly very 
scanty, is sericitic, often silty. The rock is massively bedded, 
rough, pale green or grey on fracture, and of somewhat darker 
colour on the weathered surface. 

Another common type is of much the same composition, plus a 
variable amount of dolomite; as dolomite increases, the rock be- 
comes finer in grade. These are green in colour, but weather with 
a thick porous rusty-brown crust. They are commonest in the 
east, and decrease northwards and westwards. 

A third type is a greywacke-slate with clastic muscovite, which 
is rare in the other varieties. Rarely this type is uncleaved, when 
it corresponds to the argillite of Canadian geologists. 

Occasionally films occur which are rich in ilmenite-grains. 

The greater part of the series is not pebbly, but bands with 
pebbles or boulders are common. The smaller (up to, say, 1 em. 
in longest diameter) are quartz, felspar, and quartzite, sometimes 
dolomite. The big boulders are predominantly quartzite, though 
dolomite is very abundant in some places, especially where the 
matrix is dolomitic. More important, however, are the boulders 
of red nordmarkite (sometimes pulaskite) which, as Dr. J. S. Flett 
has pointed out, are identical with those that he has described 
from the Loch-na-Cille Conglomerate. They often present a 
characteristic appearance in hand-specimen, because of the manner 
in which the felspars are cut up by meandering strings of quartz. 
Some of the Islay specimens contain a good deal of quartz, and 
might be termed alkali-granite. Zireons may be found, 
although they do not seem to be so large and plentiful as at Loch 
na Cille. 

The metamorphism of the arkoses is very low. Felspar, mus- 
covite, and chlorite seem quite unaffected. Quartz-grains are 
pitted, showing a minutely scalloped outline under the microscope; 
and, where in contact, suture together. The sutures may deepen, 
and give a granulated appearance. The sericite may be accom- 
panied bya mineral of low birefringence, possibly albite. Dolomite 
usually segregates into rhombs packed in among the clastic grains, 
of diameter ‘05 to-2 mm. The rhombs seem to have made room for 
themselves by solution of neighbouring grains, and it is noticeable 
that suturing and granulation are better marked in rocks with, 
than in rocks without, dolomite. 

The manner in which the conglomeratic portions were formed is 
so far uncertain. he matrix resembles an ordinary marine basal 
grit, but the arrangement of the larger constituents is peculiar. 
They are hardly ever in contact. Lines of pebbles may sometimes 
be seen evenly spaced out, but the ordinary distribution is most 
irregular; curiously enough, some of the biggest boulders are set 
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in the finest matrix: the biggest granite-boulder that I have seen, 
70x50 cm., was isolated in a silty slate. Thomson records a 
granite-block 4 feet 10 inches long, from a quarry in which granite- 
boulders predominated. So far, no better suygestion has been 
made than that author’s, that floating ice was concerned. In 
composition and structure the rocks have notable resemblances to 
the Huronian Cobalt Conglomerate of Hastern Canada, which is 
ascribed to ice!; and the presence of pre-Cambrian ice-action in 
Scandinavia is now well established. It will be shown later that 
parts, at least, of the conglomerate were at times exposed to the 
alr. 


The Dolomitiec Group.—Mr. E. B. Bailey has placed these 
rocks between the Portaskaig Beds and the Islay Quartzite, and 
reasons will be given in support of his view. The succession within 
the group is, however, a matter of considerable difficulty, which 
will be discussed in a later part of this paper. At present only 
the various lithological types will be described. 

The greater part of the group consists of ‘Dolomitic Flags ’,? 
banded alternations of dolomitic silt or sand. The dolomite is 
largely in the form of minute rhombs; the sand-grains are greatly 
corroded and, when in contact, closely sutured one into the other. 
Some secondary silica is usually present. These flags can in several 
places be seen to pass into a different type of rock, in which pure 
dolomite is set in an intricate network of crystalline quartz, and is 
studded with knots and strings of the same mineral. This variety 
seems to be produced from a silty bed as the result of the segrega- 
tion of quartz and dolomite. Its exposures are shown on the 
Geological Survey map as dolomite, but I believe it to be merely 
an altered form of a dolomitic silt. A similar rock is found in 
the Cobalt Series of Hastern Canada, but is regarded as probably a 
replacement product. 

Whereas the ordinary dolomitic flag disintegrates readily, this 
segregated form, owing to the indestructibility of the quartz net- 
work, is highly resistant. In consequence, it is commonly exposed 
inland, and an erroneous view of its importance might be accepted, 
were it not for the coast-sections which show it to be quite 
subordinate. 

At, or near, one edge of the dolomitic flags there is some- 
times found a band of rather pure cream-coloured dolomite. 

Within the Dolomitie Flags occurs an impersistent band of 
peculiar quartzite, which I term the Bluish Quartzite. It is 
a blue and white false-bedded quartzite of irregular texture, much 
of it decidedly felspathic. The bedding is marked by a blue 
stripe, and rarely a thick blue bed may be seen. The apparent 
thickness is about 100 feet at a maximum; but the band thins 
out northwards, and I have not found it on the north coast. 


1 M. E. Wilson, Mem. Geol. Sury. Canada, No. 103 (1918) pp. 60, 187-140 
2 See Geological Survey specimens 8679 to 8686. 
3 Op. supra cit. pp. 124-27. 


80 MR. J. F. N. GREEN ON THE STRUCTURE OF [vol. lxxx, 


A slide of one of the felspathic white portions contains nearly 
10 per cent. of felspar. On the other hand, a coarse blue specimen 
is highly siliceous, with rounded pebbles measuring up to 2 mm. 

‘in diameter. These pebbles and grains are outlined in opaque 
(? ferruginous) material, and are cemented by quartz in optical 
continuity. 

There are also in the Dolomitic Group certain siliceo-argillaceous 
flags (‘sandy shales and flags’ of the Geological Survey) which 
will be described in detail later, wherefore it is unnecessary to 
give a petrographical account here. 


The nomenclature of the quartzites that come next to the 
Dolomitic Group is in some confusion. The officers of the Geolo- 
gical Survey included the southern part of them with the southern 
exposures of the Portaskaig Beds as ‘ Beinn Bhan Quartzite’. 
Mr. Bailey put them with several other horizons together as the 
‘Islay Quartzite Group’. Some name is needed for the great zone 
of true quartzite which comes north-west and south-east of the 
rocks hitherto mentioned, and I propose to use the designation 
Islay Quartzite. This thick mass is divisible into three 
sections, which I term the White Quartzite, the Main 
Quartzite, and the Pebbly Quartzite respectively. 


The White Quartzite——That part of the Islay Quartzite 
which is nearest the Dolomitic Group is a very pure siliceous rock, 
with a white splintery or conchoidal fracture, and a smooth, in- 
tensely white, weathered surface. Felspar is almost absent. The 
rock is markedly false-bedded, bedding-planes being indicated 
by dark ferruginous films which weather out to a rusty colour. 
Jointing is rather close. 

As this horizon is well exposed, owing to its hardness, and is 
immediately recognizable, it is most valuable in mapping. 


is The Main Quartzite.—This is a suitable term for the thick, 
somewhat felspathic, rock which is the chief mountain-builder of 
Islay. It is massive, coarse-grained (the grains being commonly 
0-5 to 1:0 mm. in diameter), with a splintery white fracture, and 
a rather rough pale-grey weathered surface. In the slides examined 
the rock is a good deal granulated, so that counts cannot be 
made; but the proportion of felspar to the whole rock varies from 
3 to 7 per cent. 


The Pebbly Quartzite.—My work has not touched this, the 
other edge of the Islay Quartzite. 


III. Tue so-cattep ‘ Lower Quarrzitp’. 


Before proceeding to examine the Bowmore Sandstone, it is 
desirable to clear up the question of the rocks which Mr. Bailey 
has classed as the ‘ Lower Quartzite ’. 

The succession north-westwards from the central axis of Islay 
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(whether synclinal or anticlinal), though much complicated by 
minor folding, is broadly (1) Dark Slates; (2) Limestone; and 
(8) Portaskaig Beds. North of this is a series of outcrops of the 
Dolomitie Group, forming a rude horseshoe on the map, convex 
northwards. On the convex side are large outcrops of the Islay 
Quartzite, recognized as such by both Dr. Peach and Mr. Bailey. 
The White Quartzite is always in contact with the Dolomitic 
Group, except where there is evidence of faulting at the junction, 
as at Bagh an da Dhoruis on the northern coast (fig. 2, p. 82). 

On the concave side are rocks, claimed by Dr. Peach as being 
also part of the Islay Quartzite brought up by folding (8, pp. 12, 
43, 49, 50, ete.), but considered by Mr. Bailey to be a quartzite at 
a different horizon (4, pp. 147-151). Actually, the composition 
of these rocks, unlike that of the Islay Quartzite, shows that they 
are not quartzites at all, in the ordinary acceptance of the word. 
They are mostly arkoses and greywacke-slates, both occasionally 
conglomeratic. Some of the less felspathic arkoses superficially 
resemble the Main Quartzite, although distinguishable by darker 
coloration and higher proportion of felspar; but I can say with 
some confidence that nothing like the White Quartzite is found in 
the disputed area. 


Half a mile of coast north of Ardnahoe, near Bonahaven, is mapped as: 
‘ Lower Quartzite’. The rocks observed are massively bedded green or grey 
arkoses. One north of Con Tom was selected as somewhat quartzitic in 
appearance, and proved to be about 0°3 mm. in grade, with scattered larger 
grains and 18 per cent. of felspar. There was hardly any matrix, so that the 
grains were well sutured. Half-way along this stretch of coast is a coarse 
arkose, weathering dark brown and somewhat porous; it is presumably 
dolomitic. The same series is again mapped on the coast at Caol Ila. A 
specimen from a quarry a quarter of a mile inland has a grade of 0°5 mm. ; 
the percentage of felspar is 20, but as there are a number of quartz-grains 
above thetaverage size, the bulk proportion is a good deal lower; sericitic 
matrix is very scanty. 

North-west of Balulive a rock, rather like the Main Quartzite at first sight, 
occurs at the ford across the Abhuinn an-t-Sratha Luachraich. It is grey- 
green, with 11 per cent. of felspar. Much of the large central area of ‘ Lower 
Quartzite’, lying south of Loch Giurbheinn, is badly exposed. Hast of this, 
south-west of Loch an Dubhaich, it is conglomeratic in places; and in Gleann 
a Chapuill Bhain, almost in the middle line of the ‘ horseshoe’, the arkoses: 
include bands weathering brown and porous, associated with other bands 
carrying pebbles of quartz and dolomite. About Giur Bheinn itself many of 
the rocks are conglomeratic, JI have not visited the area north of Giur 
Bheinn. 

East of Loch Carn nan Gall the rocks are of finer grain than usual, looking 
like sandstones in the field. A specimen from the top of Carn nan Gall 
proves to be an irregular argillaceous silt, studded with larger grains, 0°5 to 
1:0 mm., of quartz, felspar, and green biotite (one of which encloses a crystal 
of hornblende). Another, compact, with conchoidal fracture, from the 
southern end of the loch, isan even-grained argillaceous sandstone, the sericitic 
matrix being about 20 per cent. of the whole. It contains a fair amount of 
felspar and a little clastic muscovite. On and south of Tais Bheinn, the beds 
nearest the Dolomitic Group are greywacke-slate, with quite 50 per cent. of 
argillaceous matter; they are overlain by arkose-sandstone. In the strip 
repeated by the tault west of Tais Bheinn the ‘ Lower Quartzite’ is not well 
exposed. Where seen, it is a medium arkose, except immediately west of 
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Maol nan Caorach, where it is coarsely conglomeratic, with granite- and 
quartzite-boulders 15 cm. long. 

A highly sheared specimen from the junction with the Dolomitic Group 
near Loch Cam seems originally to have had the composition of a pebbly grit, 
with only 4 per cent. of felspar. If this comes from the ‘ Lower Quartzite ’, 
it is the only rock from it of quartzitic composition that has been observed. 

The rocks referred to ‘ Lower Quartzite ’, near Port a’Chotain on the northern 
coast, are dealt with on p. 92. 


Dr. Peach’s identification is plainly untenable, as the beds on 
the convex side of the ‘horseshoe’ are quite unlike those on the 
concave side, and so the Dolomitic Group, as Mr. Bailey holds, 
must lie between the Islay Quartzite and the so-called ‘ Lower 
Quartzite ’. 

But the above description also shows that no distinction can be 
maintained between the ‘Lower Quartzite’ and the Portaskaig 
Beds. The identity with the matrix of the conglomerate is 
obvious ; the bed, or lenticle, is overlain and underlain by conglo- 
merate ; it is itself conglomeratic in places; and, at its southern 
extremity, the upper and lower conglomerates appear to come 
together naturally (no evidence could be found of the mechanical 
thinning-out suggested by Mr. Bailey). The rocks might be 
treated as a sandstone lenticle in the Portaskaig Beds, but there 
are serious objections to grouping them with the Islay Quartzite, 
instead of with the beds to which they are lithologically equivalent 
and in which they seem to be enclosed. As Iam unable to draw 
any line between the ‘ Lower Quartzite’ and the Portaskaig Beds, 
I have included the former with the latter in mapping. 

This rearrangement leads to a notable simplification of the 
map. On both sides of the main fold of Islay, the Portaskaig 
Beds, as just defined, are succeeded outwards by the Dolomitic 
Group, or the Islay Quartzite only; and the chief structural 
problem, apart from the Bowmore Sandstone, is reduced to finding 
a solution of the relations between these three groups. 


IV. THe Bowmore Grits anp Frags. 


Apart from a fragment in the Rhinns, the series of rocks 
included under the title ‘Bowmore Sandstone,’ on the Geological 
Survey and Mr. Bailey’s maps, covers an area of some 18 square 
miles (including parts within their boundaries concealed by 
alluvium, raised beach, ete.) lying about the head of Loch Indaal; 
and, according to these maps, ending off against the Loch Skerrols 
Thrust. The series consists of two distinct types: the first, 
massive sandstones, which have been denominated ‘ Blackrock 
Grits’; the other is of finer grain, and of a flaggy habit. 

The grits are greenish or greyish on a fractured face, and gene- 
rally also on the weathered surface. Occasionally, especially where 
much jointed, they are stained red, although green cores can be 
found. They weather massively, and do not display bedding 
particularly well. 


1 See Geological Survey specimens 6231 to 6236, 7586, 7587. 
a2 
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The only coast-section is that at Blackrock on the northern 
coast of Loch Indaal, and is about a quarter of a mile long. 
These grits can also be conveniently studied in natural and quarry 
exposures in the district north of the Bowmore-Portellen road, at 
from half a mile to a mile and a half from Bowmore. 

Most of these rocks are of grit or coarse sand grade, and consist 
of quartz and acid felspar, with a scanty binding of sericite. Only 
about 1 per cent. of the quartz is ‘hairy’. From one in four to 
one in six of the felspar-grains are undoubted microcline. Speci- 
mens from Cnoe Donn and Tobar an-t Suidhe (Blackrock) have 
grade 0-6 and 0°5 mm. respectively, with over 25 per cent. of felspar. 
Slides of coarser material from the latter locality show felspar up 
to 40 per cent.; but this relation between felspar and grade is not 
invariable, as a rock from the Bunanuillt Burn, east of the head of 
Loch Gruinart, of grain 1:0 mmm., has less than 15 per cent. In all 
these the quartz-grains, when in contact, are sutured one into the 
other, and some show a little granulation. Another specimen from 
near Blackrock of lower grade, 0:2 mm. (though with quartz- 
pebbles), has a plentiful sericitic ground-mass, so that there is 
little suturing, 

Some few exposures may be found weathering, not green-grey, 
but brownish and slightly porous. In a specimen from Maol na 
Coille the slide resembles the ordinary arkose-grit of the district : 
it has, however, in addition little rhombs, 0-1 to 0-2 mm. long, like 
those of dolomite in the Portaskaig Beds, packed in among the 
grains of quartz and felspar. 

Intercalations of greywacke-slate are rare, but have been noted, 
measuring up to a foot in thickness, at Blackrock and on Beinn 
Churlaich, 2 miles south-east of Bowmore. A specimen with 
numerous ilmenite-grains comes from Tobar an-t Suidhe. 


From the foregoing description it is plain that the ‘ Blackrock 
Grits’ differ in no respect from common types of the Portaskaig 
Beds; they are identical in texture, grade, proportion of felspar,. 
character and shape of both quartz- and felspar-grains, nature and 
amount of the scanty matrix, suturing, fracture, colour, and 
weathering. Like them they are often pebbly, and, though not 
containing such coarse conglomerates, the pebbles in these ‘ Black- 
rock Grits’ run up to 8 and 4 em. in length, and have the same 
diserete arrangement as the pebbles and boulders of the Portaskaig 
Beds. 

Up to 1 cm. a considerable number of the pebbles are felspar ; 
the larger are mostly quartzite, usually lilac or blue, occasionally 
crimson.! ‘There are also various schistose rocks and rounded 
fragments of red granite, exactly like the red alkali-granite and 
nordmarkite of the Portaskaig Beds. These granite-pebbles have. 
been obtained at Blackrock (as noted by the Geological Survey), 
at An Carn, north of Loch Sibhinn; and at a quarry by the side of 


1 Similar coloration. apparently due to some stain, is known elsewhere in 
the Highlands ; see ‘ Ben Wyvis, &c.’ Mem. Geol. Surv. Scot. 1912, pp. 29, 36.. 
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the Portellen road near Cnoe Donn (see the south-eastern corner of 
the map, Pl. VI), where many specimens have been collected from 
heaps of fresh road-metal. Slides of these pebbles do not reveal 
any difference from the alkali-granites and nordmarkites of the 
Portaskaig Beds; they consist of quartz, perthitic orthoclase, 
microcline, albite, usually with intricate cross-twinning, some- 
times also magnetite and patches of chlorite, corresponding to 
Dr. J. S. Flett’s account of the boulders of the Loch-na-Cille 
Conglomerate.1 

Pebbles of nordmarkite-porphyry are also found. One from the 
quarry near Cnoc Donn has a fine-grained quartz-felspar ground- 
mass, with phenocrysts of perthite and albite. 

The identification of the nordmarkite-suite completes the petro- 
graphical evidence that the grits of the Bowmore Sandstone are 
simply the Portaskaig Beds. The structural evidence will be stated 
later. I found the rocks quite indistinguishable in the field, and 
am at a loss to understand on what grounds they have been 
separated. 


A small area about Gortan in the Rhinns has been correlated by 
the Geological Survey with this formation. The point is not of 
great importance in connexion with the present enquiry; but it 
may be noted that the exposures consist of dark-green sandy slates 
and red arkose-grits unlike anything seen in the main area, and 
differing petrographically in many respects. So far as I have 
examined them, they are continental in type, as opposed to the 
marine-like strata east of the Rhinns. 


The remaining 8 square miles of the area mapped by- the 
Geological Survey as Bowmore Sandstone is composed of the flaggy 
rocks already mentioned. Some 5 miles of excellent coast-section 
reveal them as consisting entirely of siliceo-argillaceous flags, rarely 
somewhat dolomitic, which, though varying much in aspect, are 
essentially composed in all cases of a mixture in varying propor- 
tions of two constituents: one, an angular felspathic sand, varying 
from silt up to 0-3 mm. grade in the coarsest sandstones, and 
always containing a small amount (usually between 1 and 2 per 
cent.) of epidote-grains of the same grade, and of clastic mus- 
covite; the other, argillaceous material of a very dark greenish- 
grey colour, sericitic in thin section. 

Most of the varieties of these flags, which may be termed the 
Bowmore Flags, fall into two classes. The commonest was 
originally a silty clay, now a rather hard rock, which might be 
called greywacke, of varying tints of grey or green-grey, and 
presenting a somewhat speckled appearance. In a hand-specimen, 
the bedding, if visible at all on a broken surface, is marked by 
slightly darker striping. This type weathers into good flags on the 
coast; but the flaggy structure is rarely so obvious inland, as the 
weathering follows joints and cleavage rather than bedding. The 


1 <Geology of Knapdale, &c.’ Mem. Geol. Surv. 1911, p. 76. 
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surface is then rough and brown. The second class consists of 
alternating beds of siltstone or sandstone, of a pale yellow or pink 
tint, from a few millimetres to a metre thick, and greenish-black 
argillaceous material, usually thin, often a good deal squeezed. The 
latter may occasionally be found torn into lenticles. This type 
shows highly marked flagginess, both inland and on the shore. 

Some of the flags contain a little carbonate, probably all dolo- 
mite, as it occurs both in elastic grains and in rhombs. I have 
found some bands rich in green biotite, not flaky, but in irregular 
grains. Ina sandstone from Laggan Bridge House a large part of 
the matrix is such clastic biotite. 

In places the flags are deeply stained red or brownish-purple. 
This is especially noticeable where, as sometimes happens, the rock 
is so closely jointed that even the shore-weathering is no longer 
flaggy. Cores of the usual green-grey colour can be found in the 
larger joint-blocks. In the Geological Survey Memoir some of these 
flags or ‘grits’ are described as ‘brown’; but the brown or red 
coloration is really adventitious staining or weathering, the tint 
being usually confined to a surface-skin. 

The coast-section southwards from Bridgend to the north of the 
Laggan River, especially the 2 miles frem Gartbreck to Laggan 
Head, discloses an astonishing series of these flags, dipping for the 
greater part steadily south-eastwards at an inclination of about 40°, 
and presenting the simulacrum of a conformable sequence of 
enormous thickness. If it were a truly continuous dip, the 
thickness would be fully 7000 feet; but investigation shows 
occasional contortions or minor folds, and, east of Laggan Head, 
small-scale isoclinal folding is obvious. Also the ‘ Blackrock Grits’ 
come in along the strike in a way that makes it plain that the 
series as a whole has a low, almost horizontal, sheet-dip. From 
evidence obtained in other parts of the island, I do not think that 
the real thickness much exceeds 200 feet. 

There is no difficulty in identifying the Bowmore Flags in the 
Islay Series, east of the supposed ‘Loch Skerrols Thrust’, as the 
siliceo-argillaceous flags of the Dolomitic Group, well exposed in 
the coast-section north of Caol Ta distillery, near Portaskaig. 
They occur again a third of a mile south of Bonahaven. There 
are further exposures on the northern coast at Port a’Chotain and 
west of Port an-t Sruthain, as well as at two*intermediate points 
between the two last-named localities. Good sections are seen at 
many points inland, notably on the western flanks of Tais Bheinn in 
the north-eastern corner of the map (Pl. VI). They ean be studied 
especially well south of Bonahaven, where they are readily fac- 
cessible, and can be seen in beach, cliff, and inland sections. Iths 
unnecessary to give any separate petrographical description, as every 
item in that given of the flags in the Bowmore area applies, except 
the occasional secondary red staining, which is not of importance. 
There is the same range of varieties (a band rich in clastic green 
biotite has been noted on the eastern coast, north of Caol Ila), and 
whether on the coast or inland, in hand-specimen or under the 
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microscope, no difference can be detected. It will be shown sub- 
sequently that the stratigraphical relations are the same, and so 
there is no reason for using any different nomenclature. They 
will all be termed ‘Bowmore F lags’. 
i These flags, which are easily recognizable, are of primary 
importance in the tectonies of Islay, and their position will now 
be discussed. ; 


V. THE Supposep ‘ Locn Sxrerrors Trust’. 


In discussing the stratigraphical position of the rocks which 
have been called ‘Bowmore Sandstone’ and its bearing on the 
structure of this part of Islay, it is convenient to begin with the 
wedge of Limestone and Portaskaig Beds, on which the farm of 
Tallant is situated, a mile and three-quarters from Bowmore. It 
is shown on the l-inch map (Scotland, 19) projecting into the 
Bowmore Sandstone area, bounded on the north-west by the Loch 
Skerrols Thrust and on the south-east by a normal fault. The 
rocks on the boundary of the wedge are best exposed about a 
quarter of a mile south-west of Tallant Farm, immediately north 
of the Bowmore road (see map, Pl. VI); and a traverse from 
east-south-east to west-north-west crossing these exposures will 
now be described. In view of the importance of the area, a good 
deal of detail will be noted. 

On approaching Cnoe Donn from the Portellen road, the first 
solid rocks seen are greenish, sometimes pebbly, arkoses of the 
Portaskaig Beds (Blackrock Grits), the proved outcrop being a 
quarter of a mile broad. Then a little conglomerate, slightly 
dolomitic, appears, followed at once by the Islay Limestone, with 
an outcrop 180 yards across. (The Calcareous Passage-Beds have 
been quarried by the Portellen road, in the broader northern part 
of the outcrop, where there is probably a small concealed outcrop 
of the Dark Slates.) The limestone is followed at the road to 
Tallant by 100 yards of slightly dolomitie conglomerate and grey 
arkose. There is then an outcrop, about 150 yards broad, of 
Bowmore Flags. The exposures nearest the conglomerate are 
siliceous, with flaggy weathering. Immediately east of a path to a 
house standing 300 vards west of Tallant, a knob of the common 
green-grey argillaceous variety of the Bowmore Flags, well cleaved, 
has been quarried away; west of the path are seen interbedded 
siliceous and argillaceous varieties.! 

Some 8 yards west of the last exposure of the flags comes an 
outcrop of the White Quartzite. It is snow-white, purely siliceous, 
with rusty films, and shows false bedding, so that its identity is not 
in doubt. The false bedding is well seen on a joint-face, and 


1 The Geological Survey map colours these flags as Portaskaig Conglo- 
merate. Nothing at all like them appears in the conglomerate elsewhere. 
It is possible that they were not so well exposed when the survey was 
made. 
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clearly indicates! that the beds at this point, which dip on the 
average about 35° east-south-eastwards, are ‘right way up’; and 
they, therefore, unless inversion has taken place i in the 8 yards of 
unexposed outcrop from the nearest Bowmore Flags, underlie the 
latter stratigraphically. 

There is then a gap of 100 yards, after which sheared White 
Quartzite, resembling that of the Loch Skerrols area, is exposed at 
the end of a low ridge, separated by a depression from another low 
ridge of green arkose, which, as it weathers brown, probably is 
slightly dolomitic. The Loch Skerrols ‘Vhrust is supposed to run 
along this little depression, which is, however, like that due else- 
where to the eee Flags when oceurring between harder beds, 
The maximum breadth of the flag outerop must be less than 
20 yards. 

The arkose begins a long series of the Portaskaig Beds, which 
are seen, often pebbly, for 1100 yards, after which the Bowmore 
Flags come in again in great force, and continue to the sea at 
Bowmor @: 

The outcrops, therefore, follow each other thus :—Portaskaig 
Beds— Limestone— Portaskaig Beds— Bowmore Flags— White 
Quartzite—( Bowmore Flags)—Portaskaig Beds—Bowmore Flags ; 
and the obvious explanation is a succession of folds. If the indi- 
cation of false bedding be taken as a guide, the sequence is Islay 
Limestone— Port askaig Beds—Bowmore Flags—White Quartzite, 
in two synclines with an intervening anticline. This interpre- 
tation is supported by the character of the outcrops. The whole 
series 1s shown by contortions in the limestone (well seen in a 
cutting on the Portellen road) and in the flags of the beach, and 
also by the dips, to be strongly overfolded towards the west-north- 
west; consequently, the inverted limb of the anticline would be 
west of the White Quartzite, and should be the narrower. The 
Bowmore Flags inferred in this limb have a breadth of less than 
20 yards, compared with a proved breadth of 120 yards in the 
other limb. 

An interesting confirmation of the repetition of the Portaskaig 
Beds east and west of the limestone is found in the oceurrence of 
an epidiorite sill somewhat north of the traverse just described. 
On the east it is seen by the Portellen road 200 yards south of 
the ‘ T'wo miles to Bridgend ’ stone, running eastward in a succes- 
sion of mounds arranged en échelon which appear to represent 
thickened limbs of small pitching folds. On the west it is exposed 
about Carnbuie, and can be traced at least a mile and a half north- 
eastwards. Both exposures die out southwards ; repetition in the 


1 For the use of false bedding as an index of position, see A. ©. Lawson, ‘ The 
Archean Geology of Rainy Lake restudied’ Mem. 40, Geol. Surv. Canada, 
1918, P. 63; and C. K. Leith, ‘ Structural Geology’ 1914, pp. 132-33. In my 
experience, 13 is not easy to find really clear sections. Of course, like ripple- 
marking, it only indicates the attitude of the particular lamine observed ; 
and wider inferences need great caution among highly folded rocks. 
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intervening ground north of Tallant cannot be verified, owing to 
entire lack of exposures. 

Thus the evidence in the neighbourhood of Tallant does not 
support the presence of a thrust. We may next examine the 
supposed line of the thrust near Loch Skerrols. 

About a mile north-west of the Loch, a quarter of a mile east 
of Loch Sibhinn, sheared White Quartzite and coarse pebbly 
arkose are 60 yards apart, east and west respectively of the line. 
From this point down to Loch Skerrols, a depression runs between 
ridges of White Quartzite, often highly sheared, and Portaskaig 
arkoses; in line with this depression on the southern side of the 
loch are large exposures of Bowmore Flags, indicating an outcrop 
300 yards across between sheared White Quartzite and Portaskaig 
Beds; and it may be inferred that the depression north of the loch 
conceals flags. The shearing of the White Quartzite, though 
considerable, does not seem to be more than might be expected at 
the junction with a soft rock on the inverted limb of an overfold 
in intensely folded country, and is comparable with that which 
may be seen in other parts of Islay (see, for example, p. 97). 

Farther south these rocks are not exposed until the neighbour- 
hood of Bridgend, where widespread Bowmore Flags suggest that 
the White Quartzite must have pitched under, and that the 
continuation of the relations between it and the Portaskaig Beds 
must be sought east of the line just explored. 

As we come round to the east of Loch Skerrols, Limestone and 
Portaskaig Beds are seen plentifully east and north-east of the 
loch. The quartzite is not met with, untila point is reached about 
a mile north of the easternmost extension of the loch, near a road 
leading to the farm Scarrabus. Here, in an escarpment of rather 
fine-grained Portaskaig Beds, the White Quartzite is seen a few 
inches below them, so that the Bowmore Flags must be cut out. 
This type of junction seems to,persist for some way northwards, 
but at a point by a track 120 yards east of the south-eastern 
corner of Loch Cam, about 12 feet of Bowmore Flags are seen, 
cut by a basalt dyke. Some 140 yards farther north, a clear 
section shows arkose resting upon 20 feet of the flags. The 
Portaskaig Beds, conglomeratic in places, and the White Quartzite 
can then be followed for half a mile northwards, dipping 40° east, 
up to the Allt nan Oisgean, where dolomitic flags come in appa- 
rently between the Bowmore Flags and the Portaskaig Beds. 

From this point the Bowmore Flags are not exposed for a mile 
and a quarter along the strike; but, for the greater part of this 
distance, a terrace, from 12 to 100 yards broad, runs along the 
eastern slope of Beinn Cham. ‘The hillside of this terrace 1s 
composed of White Quartzite (the mass of the hill being Main 
Quartzite) and the platform often has an elevated rim, in which 
Dolomitic Flags are exposed in places. A 

In the gap between Beinn Cham and Beinn a’Chuirn, where 
two brooks unite, another member of the Dolomitic Group appears, 
the Bluish Quartzite coming in between the Dolomitic Flags and 
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the Portaskaig Beds. A more complete section is seen on the 
northern side of this gap at a ruined croft. On the western fence 
of the enclosure the Bowmore Flags are well seen, the actual 
contact with the White Quartzite being exposed. The change 
from quartzite to sheared flag takes place in a few inches, and 
seems gradual and perfectly conformable. Dolomitic Flags are 
seen immediately on the east and, close to the remains of the 
house, the Bluish Quartzite and Portaskaig coarse arkoses are 
exposed near together. 

The same sequence, though not so well exposed, runs another 
mile northwards past Lochan Broach (at the extreme north of the 
map, Pl. VI). In this neighbourhood some Dolomitic Flags 
come in between the Bluish Quartzite and the Portaskaig Beds. 

East of this 3-mile outcrop of the dolomitic group, the Port- 
askaig Beds are found for from 150 to 600 yards, succeeded in the 
south by the Limestone. At a crag east of Toll a’Chapuill Bhain, 
boulders of granite 15 em. long occur in rocks which Mr. Bailey 
maps as part of his ‘ Portaskaig Conglomerate’. They are then 
cut off by a fault, parallel to the strike, which brings them in- 
differently against White Quartzite, Bowmore Flags, or Dolomitic 
Flags. he line of this fault can be laid down with considerable 
accuracy where it runs into the valley of the Abhuinn Airidh an 
t-Sluic, so that its hade could there be definitely ascertained with 
proper levelling. At present, I cannot say more than that the 
fault-plane dips 10° north of west, at an angle of between 20° and 
40°. Crossing the fault, another belt of the Dolomitic Group comes 
in, in which better exposures are met with than in the belt just 
described. 

At the southern end of the eastern belt the Bowmore Flags are 
well seen near the road leading from Balole Farm to Loch Cam, 
overlain by Portaskaig Beds with dolomite-boulders; they appear 
at intervals for half a mile northwards. Here the Dolomitic Flags 
come in, and on Carn nan Gillean occurs the complete sequence :— 
White Quartzite ; depression marking Bowmore Flags ; Dolomitic 
Flags, dipping 75° east-south-eastwards ; Bluish Quartzite ; Dolo- 
mitic Flags; Portaskaig Beds. From the top of the carn the 
outcrop of the dolomitic series can be viewed for 2 miles; the 
Bluish Quartzite, which is nearly vertical, forms a marked feature, 
flanked on either side by Dolomitie Flags. The sequence is 
splendidly exposed on Tais Bheinn, the Bowmore Flags cropping 
out on the western flank of the hill, overlain by Dolomitic Flags, 
almost continuously for 200 yards—the finest inland section that 
I have seen outside the Bowmore area. The Bluish Quartzite has 
thinned considerably. The basal Portaskaig Beds here are, for at 
least a mile along the strike, a green sandy slate (greywacke- 
slate) like the matrix of the coarsest boulder-beds. 

The results of this examination of the country about Loch 
Skerrols and Loch Cam, which, in order that the nature of the 


evidence may be appreciated, has been described in unusual detail, 
are as follows :— 
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(1) The Bowmore Flags lie conformably against the White Quartzite, 
constituting a passage to the highly dolomitic beds. I agree with 
Mr. Bailey that the fault marked along this junction on the Geo- 
logical Survey map is not proved. 


(2) The main structure is an isoclinal fold, overturned in a direction 
rather north of west. 

(3) Strong shearing of the White Quartzite along the western limb of 
this fold suggests that it is the inverted limb of an anticline. 

(4) This interpretation is supported by the manner in which the succes- 
sive members of the Dolomitic Group appear from beneath the 
Portaskaig Beds, the inference being that they have been cut out 
southwards by erosion below that conglomeratic horizon. 


Along the line of the supposed thrust north of Loch Sibhinn 
the arkoses and quartzites are never, so far as I have investigated 
them, exposed nearer one another than 60 yards, so that there is 
always room for the Bowmore Flags. Mostly, the exposures are 
poor and distant. 

Rocks similar to those of Carnaine (that is, Bowmore Flags) 
are stated to be seen in the Bunanuillt Burn, but I have not 
visited the spot. On the shore of Loch Gruinart, 800 yards south- 
west of Bunanuillt Farm, where the thrust-plane is said by the 
Geological Survey to be exposed over ‘Torridonian grits’, I found 
highly sheared White Quartzite overlying a few square yards of 
micaceous material, intensely sheared, crumpled, and veined, the 
axial planes of the puckers being mostly near the horizontal. 
Much of this rock is friable, but there are augen of hard, blue- 
grey, fine-grained rock. One of these proves to consist chiefly of 
quartzose silt, mixed with a third to half of its quantity of dolo- 
mite, and cut up by lenticles of ribboned sericite, evidently the 
remains of argillaceous partings. There is a good deal of pyrites. 
Rocks similar in colour and composition occur in places near the 
junction of the Bowmore Flags and the Dolomitic Flags; as, for 
instance, at Caol Ia, north of Portaskaig. This exposure may be 
on the inverted limb of an overturned anticline, in which part of 
the Bowmore Flags, the softest part of the series, may have been 
locally squeezed out; it cannot be far from the line of the Loch 
Gruinart Fault, to which the crushing is probably due. 


VI. Tue SEQUENCE IN THE DoLoMITIC GROUP. 
The sequence so far appears to be 


Dark Slates. 
Caleareous Passage-Beds. 
The Limestone. 
Portaskaig Beds. 

es Roo 
Dolomitic Flags. og 
Bluish Quartzite. %, 
Dolomitic Flags. Xo, 
Bowmore Flags. 7 
White Quartzite. 
Main Quartzite. 
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The Dolomitic Group is of such importance in determining the 
structure of Islay that it is desirable to examine other aeitions in 
the island, so as to test this sequence. 


Northern coast-section.—The country between Tais 
Bheinn and the northern coast has not been visited. Apparently, 
the Bluish Quartzite thins out altogether. The northern coast 
between Rudh’a’Mhail and Rudha Bholsa presents a magnificent 
section, largely of the Dolomitic Group. The rocks run out to sea 
in long ‘sears’, in which junctions and structure can be seen on 
wave-worn surfaces with exceptional clearness. Starting in Bagh 
an da Dhoruis, a mile south-west of Rhuvaal lighthouse, “the Main 
Quartzite at the ‘Cave of Two Doors’, from which the bay takes 
its name, is faulted against the Dele Flags: these extend for 
a mile westwards in a beautiful little sy neon ium, at first sheared 
and contorted from the south-east, thereafter from the south-west, 
and finally from the west, near Port a’Chotain, where masses of 
fault-breccia bring in the Bowmore Flags, striking south-eastwards 
against the fault. Port a’Chotain consists entirely of varied 
Bowmore Flags, including some contorted beds of interbedded 
white siliceous and grey argillaceous types in lamin a few milli- 
metres thick, vividly ‘reminiscent of a contorted eneiss. They 
extend along the coast for nearly 200 yards, and are covered by 
the White ‘Quartzites both dipping 20° south-westwards. The 
junction is washed bare, quartzite often overhanging it. I have 
inspected about 40 yards of it (there is probably more), and there 
can be no doubt of perfect conformability. ‘The passage only 
occupies a few inches. 

The White Quartzite (with occasional exposure of the Main 
Quartzite) continues south-westwards for 320 yards to a point a 
little less than 300 yards east of an important boundary-fence 
whieh follows the line of a streamlet running northwards to the 
sea. Here a great fault-breccia, in places over 80 yards thick, 
comes in, intersected by a basalt-dyke. The fault brings in at 
once massive green-grey arkoses of the Portaskaig Beds, which 
continue for 150 yards. Any doubt about the identification is set 
at rest by the occurrence 130 yards east of the fence of a band 
with boulders of quartzite and nordmarkite, the latter measuring 
up to more than 20 em. in length.! 

Some 90 yards east of the fence the junction of arkose with a 
dolomite is seen in the beach. This junction is well exposed, and 
seems normal, although there is much red staining. ‘The unstained 
dolomite is cream -coloured, sandless, and often pyritous. It 
resembles the dolomite-boulders of the Portaskaig Conglomerate, 
which are probably derived from it. It passes into Dolomitic 
Flags, which in their turn pass into Bowmore Flags a few yards 
west of the fence. The latter are exposed for about 40 yards. 


! The Geological Survey, though describing the conglomerate-band, colours 
both quartzite and arkose as continuous quartzite; and Mr. Bailey appears 
to accept that view (4, p. 149). The rocks seem to me quite distinct. 


ee ee eee 


part 1] THE BOWMORE-PORTASKAIG DISTRICT OF ISLAY. 93 


For 700 yards west of this point the rocks consist wholly of 
the folded-up dolomitie group, mainly Dolomitic Flags. Some 
300 yards west of the fence the cream-coloured dolomite occurs 
again, and 50 yards farther on come 80 or 40 yards of Bowmore 
Flags. So far as I could see, in a somewhat hasty examination of 
this portion, the junctions were everywhere normal and gradual. 
The Bowmore Flags come on again west of Port an-t Sruthain, 
where the passage into the Dolomitic Flags is well seen. All the 
usual varieties are present, and also the gneiss-like contorted “type 
mentioned above. The dip is 50° westwards, and the outcrop 35 
yards broad; then the White Quartzite appears. As Mr. Bailey has 
pointed out (4, p. 149), the junction can be seen in the cliff; but 
it is better examined in the beach, where the quartzite is plastered 
against a long stack of Bowmore Flags. I noted 8 feet of bare 
washed junction, cleaved, but in all respects like that observed 
elsewhere. The White Quartzite is followed as usual by the Main 
Quartzite, which constitutes the remainder of the northern coast. 


North-east.—Inland, in the north-east of the island, the 
rocks in the areas about Margadale and north-west of Loch 
Staoisha, where the Dolomitic Group is widespread, are on the 
whole poorly exposed; but nothing has been found to contradict 
the results obtained elsewhere. 


South.—Turning now to the south-eastern limb of the main 
fold of Islay, we find that the Portaskaig Beds! appear generally 
to be in direct contact with the White Quartzite; but, in one 
place at least, the Dolomitic Group intervenes. This is on the 
upper part of Beinn Bhan (south-eastern corner of the index-map, 
fig. 1, p. 76). The summit-ridge is entirely built of the White 
Quartzite, from the gleaming masses of which the mountain derives 
its name (bhan=white). Near three little lochans west of the 
summit, the White Quartzite is succeeded on the north-west by 
large exposures of rather siliceous Bowmore flags, deeply bleached, 
but with unaltered cores; next there is a long band of sheared, 
dark-green, argillaceous rock, followed by bleached flags more finely 
bedded than those first mentioned. Continuing northwards, the 
Dolomitic Flags appear near and west of the western corner of 
the largest lochan, and are followed by coarse green arkoses of the 
Portaskaig Beds. The whole are dipping 85° to 40° north-west- 
wards. There is no evidence that the Dolomitic Group has 
thinned in any way; the Bowmore Flags of Beinn Bhan appear 
to be at least as thick and varied as those in the north of the 
island. 


1 The Portaskaig Beds are more continuous along the south-eastern out- 
crop than might be supposed from the Geological Survey map. Much of 
them is non-pebbly, and has been coloured as quartzite. 
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VII. Toe Apparent Reversat ALONG Istay SOUND. 


Thus all evidence from places where the relations of the 
Bowmore Flags to the White Quartzite can be seen or inferred 
when traced along the line of strike, points to conformity and a 
position between the quartzite and the Dolomitic Flags; while 
the northern coast-section indicates a passage of the Dolomitic 
Flags on their other margin into pure dolomite. 

But, in certain faulted strips along the coast of Islay Sound, 
between Bonahaven and Portaskaig, where the succession can be 
followed only across the strike, there appears locally to be a 
reversal of the succession within the Dolomite Group. Here the 
Bowmore Flags (or rocks lithologically identical) come up be- 
tween the Dolomitic Flags and the Portaskaig Beds ; the datum- 
line, however, the White Quartzite, is nowhere seen. 

It has already been pointed out that, on the northern coast, the 
Portaskaig Beds are in contact with a dolomite at one end of 
the Dolomitic Group; whereas, a few miles south of Portaskaig, 
they are in contact with the White Quartzite, and thus must have 
overlapped both the Dolomitie Flags and the Bowmore Flags. 
Between these two points, if the ground were clear, the Portaskaig 
Beds would be seen in contact with various parts, first of the 
Dolomitic, and then of the Bowmore Flags, so that in these 
strips one of the stages in this erosion must be encountered. 


The section (fig. 2, p. 82) is drawn along the coast from Bonahaven to Port- 
askaig, 23 miles. The fault at Bonahaven brings Quartzite against Dolomitic 
Flags dipping north-north-westwards with some dolomite, at Rudh’a’ Mhill, 
close to the village.} 

The Dolomitic Flags are then developed for 500 yards, dipping 35° a little 
west of north, when the Bluish Quartzite comes in, followed by thin Dolomitic 
Flags, passing into Bowmore Flags, of which there is a huge face in the cliffs 
of Creag Mhor. The arkoses of the Portaskaig Beds come on 100 yards 
north of Con Tom and, occasionally coarsely conglomeratic, form the coast 
fora mile. At a point 100 yards north of a Na Feamindean, a thick fault- 
breccia brings on again Dolomitic Flags with some dolomite. Flags follow 
for 300 yards, when the Bluish Quartzite appears, followed by 150 yards 
more of Dolomitic Flags and 90 yards of Bowmore Flags, under which the 
arkoses rise north of the Caol Ia distillery. The Portaskaig Beds continue 
along the coast for about 2 miles, 


Thus there is apparently a complete reversal of the sequence 
previously determined within the dolomitic series. But the con- 
siderations above mentioned show that this was to be expected, 
and that the explanation is probably as represented in fig. 2. The 
unconformity has been caught in a compound anticline, the upper 
part of which has been eroded away. 

The Bonahaven-Portaskaig section is the most conveniently 


1 Off Rudh’a’Mhill the strike seems to swing right round, certain beds 
dipping slightly north of east, so that they are presumably on the arch or 
trough of a fold with an eastward pitch. Unfortunately, I did not at the time 
realize the interest of the point, and I have not since had an opportunity of 
verifying the fold, or of comparing the dolomite in its core with the dolomite 
of the northern coast. 
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accessible, and (at first sight) the clearest, section of the dolomitic 
series of Islay; it has naturally been taken as an index, with 
somewhat unfortunate results. I venture to suggest that in highly 
folded country a sequence with one end missing, determined by a 
traverse across the strike, cannot be accepted with confidence. I 
have failed to find any other evidence for the Geological Survey 
view that the sandy shales and flags (that is, Bowmore Flags) 
occur on two horizons. 

[It is true that that view is not definitely disproved by the 
foregoing considerations ; but I suggest that, on facts known at 
present, the hypothesis of a second flaggy horizon is unnecessary. 
Its occurrence would not affect the conclusions of this paper.— 


J. F. N. G., February 16th, 1924. | 


VIII. SrrarreéraPHican ORDER. 


Two lines of evidence have already been noted for placing the 
Portaskaig Beds above the dolomitic series and the Islay Quartzite, 
and it is desirable next to go more elosely into a third line, which 
has only been touched upon slightly in connexion with the Tallant 
area: namely, the attitude of the folds. 

The folding in Islay, as indicated by the puckers, minor folds, 
shears, and cleavage, has been hitherto little studied; the best 
material available is Mr. Bailey’s valuable map of the dips 
(4, pl. xii) which shows that the island may be divided into four 
sectors, two characterized by south-eastward and two by north- 
westward dips, with local variations. In the case of the three 
northernmost sectors I have verified that, as might be expected, 
the shears and contortions are in directions contrary to the dips. 
On the principles governing folding, the larger folds may be 
expected to conform in attitude to the smaller. 

The structure is particularly elear in the district between Loch 
Lossit and Islay Sound, of which I give a detailed map (fig. 3, p. 96). 
The area is one of low relief: the highest point, the summit of 
Dun Bhoraraic (more usually called Dunlossit), being only 316 feet 
above the surface of Loch Lossit; and when such slight relief only 
is present, it is advisable to exercise caution in reasoning that the 
rocks of the higher parts overlie those of the lower levels. For, in 
highly folded country, whatever the order of superposition, the 
more resistant rocks will, owing to differential erosion, commonly 
be found on the higher ground. The Conglomerate is far more 
resistant than the Limestone or Dark Slates, the other members of 
the sequence present. Nevertheless, in the neighbourhood of Loch 
Lossit the position of Portaskaig Conglomerate on the tops of Dun 
Bhoraraic and of Beannan Dubh, with limestone in the lower 
slopes, has been held, both in the Geological Survey Memoir 
(3, pp. 45-46) and by Mr. Bailey (4, pp. 143-4), to be proof 
that the conglomerate is lying almost flat upon the limestone, 
despite the constant north-north-westward dip. I believe that 
this view is mistaken. 
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The nature of the folding is best seen in the Caleareous Passage- 
Beds between the Limestone and the Dark Slates, which are 
repeatedly exposed. At two points (see also photograph, Pl. V, 
fig. 1) these beds are seen to be thrown into compound folds 
overturned southwards, with axial planes dipping from 5° to 30° 
north-north-westwards. 

The Limestone can be traced from the north-eastern corner of 
the map, underlying the Portaskaig Beds structurally, and dipping 
usually 10° to 20° north-north-westwards, to the vicinity of Lossit 
Farm. The outcrop is for the greater part demonstrably narrow, 
not more than 50 yards broad; where it crosses the track east 
of Lossit, the Limestone is thinned down to about 12 feet in 
thickness. In places the rocks are greatly sheared, even pulled 
into lenticles. 

Next to the Limestone there is then on the south-south-east a 
discontinuous outerop of Dark Slates, followed by an outcrop of 
Limestone varying in breadth from 150 yards to over half a mile. 

Clearly, in accordance with the usual rule of the thinning of the 
inverted limb in sharp overfolding, the pulled-out narrow belt of 
Limestone, when compared with the broad southern outcrop, must 
be on an inverted limb of a major fold; therefore, the Portaskaig 
Conglomerate underlay the Limestone when folding took place, 
and is brought up on Dun Bhoraraic by an anticline. It follows 
that Beannan Dubh is also anticlinal. Similar, though less 
marked, structure appears next this latter mass of conglomerate, 
the outcrop of Limestone bordering its southern and eastern sides 
being narrow compared with the extensive stretches found beyond 
the succeeding belt of Dark Slates. 

I regard therefore Beannan Dubh and Dun Bhoraraic as com- 
pound isoclinal anticlines dipping about 20° north-north-westwards. 
This interpretation will be confirmed, if inverse repetition can be 
proved inside either of them. 

The 1-inch map shows two small lenticular exposures of dolo- 
mite in the Portaskaig Beds of the south of Beannan Dubh,! and 
Mr. Bailey (4, p. 143) has drawn particular attention to one of 
them, as he considers that a breccia in it, seen overlying dolomite, 
proves erosion of the latter, and that the section is, therefore, 
‘right way up’. The section, which forms a small escarpment, is 
exceptionally clear and interesting ; it is as follows :— 

Massive sandstone. 


Breccia of dolomite-fragments in dolomitic sand. Usually 2 to 3 feet 
thick. 

Cream-coloured dolomite, usually about 3 feet thick, but with a maximum 
of 8 feet. It thins out at each end, the exposure being 270 yards long. 

False-bedded shaly sandstone presenting a ripple-marked appearance. 
12 to 15 inches. 

Massive sandstone showing traces of bedding. 

The dip is from 15° to 20° north-north-westwards, 


1 This part of the elevation is properly known as Beannan Buidhe 
(Yellow Hills) in allusion to the rusty-orange weathered surfaces of the 
conglomerate, which is somewhat dolomitic. But it is convenient to retain 
the nearest name on the 1-inch map. 
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The second lenticular exposure shown on the 1-inch map les 
north-north-west of, and parallel to, the first, at a distance of 
60 yards. It repeats the same, but in reverse order: 

Massive sandstone (only seen on the east). 


False-bedded shaly sandstone, with ripple-marked appearance. 9 to 12 


inches. 
Cream-coloured dolomite, maximum thickness 43 feet. Exposure about 


150 yards long. 

Breccia of dolomite-fragments in dolomitic sand. 3 feet. 

Massive sandstone. 

The true dip is rather difficult to obtain, but is about 15° north-north- 
westwards. 


Obviously, one band is the other reversed; both are sections of 
the same doubled-up lenticle. It would be difficult to obtain 
better evidence of large-scale isoclinal folding. Is the character 
of the fold demonstrable ? 

The breccia is of a peculiar type. On the weathered surfaces it 
is obvious that the fragments of dolomite, from 1 to 50 cm. long, 
are angular, with a strong tendency to rectangular sections, two 
or three times as long as broad. ‘The shape of the fragments is 
better seen when pieces of the breccia are roughly rubbed down. 
Their habit in section, as elongated rectangles or truncated wedges, 
is then very plain; re-entrant angles, especially at the end of 
rectangles, are not uncommon; and, occasionally, flat bits are 
curved. Such shapes are characteristic of only one kind of 
deposit, namely desiceation-breccia.! 

There must have been a depression among the sandbanks, in 
which, as on a recent shore, fine mud was deposited after the sea 
had retired. The pool dried, andsthe mud cracked up, to be 
buried in mixed sand and mud when the water next rushed in. 
The process would be repeated until the depression was filled, 
breached, or shut off. 

No deduction as to the order of deposition can well be made 
from such a breccia, and I failed to obtain clear results from some 
accompanying sun-cracks ; there are, however, certain other struc- 
tures which seem to afford a clue. About 50 yards from the 
western termination of the more southerly outcrop the false-bedded 
sandstone, which elsewhere lies evenly along the strike-face of a 
little escarpment, rises into a series of arches in the dolomite, here 
at its thickest, at one point almost completely cutting it out. 
These arches have evidently nothing to do with the folding, and 
seem to be sections of domed hollows in the dolomite. The only 
explanation that I can offer is, that they mark a solution-hollow in 
the dolomite, in which case the section is inverted. (It may be 
observed that swallow-holes are common in the dolomitie beds of 
Northern Islay.) 

A similar hollow, but on a smaller scale, occurs at the top of 


1 See C. D. Walcott, Bull. U.S. Geol. Surv. No. 134 (1896) p: 34; J. B. 
Hyde, Amer. Journ. Sci. ser. 4, vol. xxv (1908) p. 400; and G. Barrow, 
‘Geology of the Country around Lichfield’ Mem. Geol. Surv. 1919, pp. 47-48, 
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the more northern band of dolomite, also at its thickest part.t 
This hollow is about 15 inches deep, the false-bedded sandstone 
turning down into it at an angle of 70°. 

Hace the more southern vend is the inverted one, and the 
folds are overturned south-south-eastwards, the conglomerate must 
contain a true anticline. I could find no evidence for further 
inversion between the dolomite-bands and the junction of the 
Portaskaig Beds with the Islay Limestone, and I conclude that 
the Limestone, str atigraphically as well as structurally, overlies the 
Portaskaig Beds. 


IX. Concnvusions. 
The chief conclusions of this paper are :— 


(1) The ‘Bowmore Sandstone’ of the Survey consists, in reality, 
partly of the Portaskaig Conglomerate and its associated arkose- 
sandstones; and par tly of the flaggy passage-beds (Bowmore 
Flags) between the Islay Quartzite and the Dolomitic Flags. 


(2) The ‘ Loch Skerrols Thrust’ has no existence. 


(3) The Bowmore Flags are strictly conformable to the white 
edge of the Islay Quartzite (White Quartzite). 


(4) Five lines of evidence conver ge to prove that the Limestone 
structurally and stratigraphically overlies the Por taskaig Beds, 
which in their turn overlie the Dolomitic Group and the Is lay 
Quartzite. These are :— 

(a) Attitude of false bedding at the edge of the White Quartzite. 

(b) Solution-hollows in the dolomite-lenticle of Beannan Dubh. 

(c) Erosion at the base of the Portaskaig Beds, which may rest on any 
member of the Dolomitic Group, or on the White Quartzite. 

(d) The frequency of dolomite-boulders, and the absence, or at least 
great rarity, of limestone-boulders in the conglomerate. 

(é) The attitude of the folds. 


(a) and (db), as relating to particular beds in a highly folded 
sequence, are not of much importance; but (¢) and (e¢) seem 
conclusive. 


(5) The structure is, therefore, synclinal, not anticlinal. 


(6) Only one system of folding is required to explain this 
structure. In Islay this system consists of a series of synclinoria 
and anticlinoria with isoclinal folds, the axial planes having a low 
dip. These folds have amplitudes varying from a minute fraction 
of an inch in the soft beds to several thousand feet. 

It will be obvious that, if these conclusions are justified, the 
supposed asymmetry of the Loch Awe Syneline, upon which a 
theory of the structure of the South-West Highlands has been 
founded, can no longer be accepted. But inferences appheable to 
the mainland are not dealt with here. 


1 The thickest part presumably represents the deepest part of the pool, 
above which a depression in the dried infilling is to be expected. Solution 


would start at a depression. 
H2 
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My work has been greatly facilitated by access to the collections 
of the Geological Survey, and | have particularly to thank 
Mr. E. B. Bailey , who saved me much time and trouble by copying 
part of the 6- inch map for me, and has pointed out some omissions 
and obseurities in my manuseript. 
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EXPLANATION OF PLATES V & VI. 


PAE Vi. 
Fig. 1. Overfold in the Calcareous Passage-Beds, south of An Tamhanachd 
(Eastern Islay), looking north-eastwards. 
2. Bowmore Flags, north of Rudha Buidhe, Loch Indaal (Islay), looking 
north-eastwards. 


PuatE VI, 


Geological map of the country about Bridgend (Islay), on the 
scale of 2 inches to the mile, or 1 : 31,680. 


DIscussIoN. 


The Secrerary read the following contribution to the Dis- 
cussion from Mr. EH. B. Barney:—‘I have had the privilege of 
reading this paper in MS., and seeing the Author’s slices from 
Blackrock and Tallant. I believe that he has established the 
exceedingly important point that, at any rate, somewhat similar 
nordmarkitic assemblages have contributed material to the Black- 
rock Grit and the Portaskaig Conglomerate respectively. In this 
matter, particular weight attaches to the Blackrock specimens, 
since those from Tallant have been collected in an angle between 
a fault and a thrust (according to previous observers), wherefore 
their authenticity as representative of the Blackrock Grit may be 
questioned. Iam, however, satisfied that the Tallant specimens 
belong to the Blackrock Grit (or, at any rate, to the Bowmore 
Sandstone which includes this erit): certainly, they closely resemble 
the grit in its typical occurrence ; while, in my opinion, they cannot 
be matched easily, if at all, in the Portaskaig Conglomerate. 

‘The Tallant slices contain well-marked nordmarkitic pebbles ; 
and the Blackrock slices show what appear to be smaller examples, 
along with much crystal débris of closely similar type. 

‘Dr. B. N. Peach has, for several years, urged in conversation 
that erosion of the same nordmarkitic assemblage, as is represented 
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Pie. 1.—Overfold in the Caleareous Passage- Beds, south of An Tam- 
hanachd (Eastern Islay), looking north-eastwards. 


Fig. 2.— Bowmore Flags, north of Rudha Buidhe, Loch Indaal (Islay), 


looking north-easticards. 
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by boulders in the Portaskaig Conglomerate, was also responsible 
for much of the material of the Torridonian arkoses of the North- 
West Highlands. The Author’s observation has given fresh life 
to this suggestion, for the Blackrock Grits have long been 
compared with the Torridonian arkoses of the North-West, 
Accordingly, I have followed up this point, and I can eonfirm the 
fact that, in their mineral-assemblage of quartz, microcline, and 
perthitic potash-soda felspars, the arkoses of the North-West 
(slides 6188, 3715-16, 2263-64 of the Geological Survey) re- 
produce the main features of the Blackrock Grits. Moreover, one 
of the sliced felsite-pebbles from the North-West actually shows 
in its phenocrysts the characteristic soda-rich alkali-felspars of the 
nordmarkites (6188). This slice is unsheared, and it reveals a 
further resemblance to the Blackrock Grit in a suggestion of wind- 
rounding of some of the quartz-grains among which the felsite- 
pebble lies. I can only say that Dr. Peach’s hypothesis, viewed 
in the light of the Author’s recent discoveries, is immensely 
strengthened. 

‘ As indicated below, I do not feel inclined to follow the Author 
in his correlation of the Blackrock Grit and Portaskaig Beds, 
which latter include my Lower Fine-Grained Quartzite and Port- 
askaig Conglomerate (Q. J. G.S. vol. Ixxii, 1916-17, pp. 142, 147). 
The only part of his Portaskaig Beds which seems to me to 
resemble the Blackrock Grit is a well-known conglomeratic zone 
towards the top of my Lower Fine-Grained Quartzite. 

‘The Author claims that it is a misnomer to speak of my 
Lower Fine-Grained Quartzite as quartzite at all. In his full 
account, he points out that some of this group is conglomerate. 
The same fact has already been stated by the Geological Survey, 
who have separated the conglomerate-bands, more particularly, on 
their MS. maps. In my own map (op. cit. pl. xu), I have 
published the conglomeratic outcrops rather more fully. There is, 
in this direction, nothing new in the Author’s records. 

‘It is, therefore, only in regard to the naming of the non- 
conglomeratic part of the group that there is any difference of 
opinion. The Author describes it as an arkose with more than 
10 per cent. of felspar. I have spoken of it on the Sound of Islay 
as “pure, though slightly felspathic, vitreous’ quartzite (op. ect. 
p- 147). On turning to Dr. C. T. Clough’s manuscript notes 
on the fullest coast-section, I find that he refers only three times 
to exposures intervening between the conglomeratic zones just 
mentioned and the Portaskaig Conglomerate below, and each 
time he uses the descriptive words “ white quartzite.” 

‘On the other hand, when the Author claims that, even apart 
from its conglomeratie associates, my Lower Fine-Grained Quart- 
zite is distinguishable from my Upper Fine-Grained Quartzite, I 
agree. In reference to the latter, I have already stated that it 1s 
whiter probably than the Lower Quartzite (op. et. p. 149). 

‘The Author goes farther. He says that he cannot draw a 
dividing line between my Lower Fine-Grained Quartzite and the 
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Portaskaig Conglomerate. This is surprising, for a dividing line 
was drawn by ‘Dr. Clough & Mr. 8. B. Wilkinson throughout 
Northern Islay, and was published before I visited the island. I 
scrutinized it carefully along its entire course, and accepted my 
predecessors’ work with trivial emendations. If no line had been 
drawn on the maps, I should certainly have inserted one, so as to 
reproduce a distinction which seems to me quite obvious in the 
field. 

‘T am amazed to find that the Author regards the coarser parts 
of my Bowmore Sandstone as indistinguishable from his Port- 
askaig Beds (ny Portaskaig Conglomerate and Lower Fine-Grained 
Quartzite combined) ; and equally surprised to find him corre- 
lating the fine parts of Bowmore Sandstone with rocks which 
occupy two distinct positions in my Dolomitie Flag Group. In 
this latter connexion, the Author claims that the “vocks of the 
Bowmore foreshore are identical in detail with the rocks inter- 
vening between my Lower Fine-Grained Quartzite and a con- 
spicuous minor quartzite-band cropping out on the Portaskaig 
coast, and distinguished as the “ Pipe Rock” in the Geological 
Survey Memoir. If this be so, there must be something very 
seriously wrong with the descriptions that I have given of these 
two exposures (op. cit. pp. 138, 147). These descriptions were 
written face to face with the rocks. They had no ulterior motive, 
for it never occurred to me that anyone would think of comparing 
groups so obviously different. I have a right to claim that the 
reader be informed in what particulars my deser iptions err. 

‘The Author adopts the unjustifiable attitude that, when he 
cannot distinguish between two rock-groups, these must be strati- 
graphically identical, even when he has to admit that their asso- 
ciates are different. This leads him to recognize with confidence 
unconformities of which there is no other hint in nature. 

‘The Author holds that, having correlated the Bowmore Sand- 
stone on the one side of the Loch Skerrols Thrust with two zones 
cropping out on the other, he has shown that the thrust is non- 
existent. He puts aside the obvious shearing which led Dr. B. N. 
Peach & Dr. J. Horne originally to recognize this thrust. More 
important still, he does not realize that, even according to his own 
correlations, the Loch Skerrols Thrust (as mapped by the Survey) 
separates two districts of entirely different geological complexion. 
East of the line, his supposed equivalents of two divisions of my 
Bowmore Sandstone occur as minor groups in a well-marked varie- 
gated sequence ; they are separated in most of their outcrops by 
other members of the series, although locally the Author claims 
that they come togetherasa result of } pre- Portaskaig erosion ; every- 
where, singly or combined, they maintain an appearance of very 
moderate dimensions. West of the line, however, they invariably 
come together, and assume an apparent thickness of many thousands 
of feet! 

‘Structurally, the Author’s work is representative of a great deal 
that has been published in regard to the Scottish Highlands. Each 
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anticline is treated as a synclinorium, each syncline as an anti- 
clinorium. Untilrecently, this type of structural outlook has been 
almost restricted to Scotland, where it originated through the 
pubheation of the ‘Secret of the Highlands”, a paper in which 
Prof. Charles Lapworth introduced many British readers to the 
double folds and fans of Albert Heim’s philosophy. The High- 
land School dealt with a region of low relief, which freed them 
from many of the responsibilities of the Alpinists; and, in their 
hands, buckling and double folding presently reached limits which 
far exceeded anything that Heim had dreamt of. Meanwhile, 
Heim himself was busily correcting his old mistakes; wherefore 
the theories, of which the Author is a confident exponent, are now 
in the curious position of having no roots. 

‘I have myself given a full account of the structure of Islay, in 
which every rock is trusted to be doing what it is seen to be 
doing. Exposures are good, and the story told by them is 
absolutely consistent. It seems to me that the Islay Anti- 
cline can only be re-interpreted by a man who is ready to admit 
that Nature is designed to deceive geologists. ‘lhe double folds 
of the Author’s hypotheses outrival the famous Glarus example, 
and even surpass those involved in recent re-interpretations of 
Mullfjallet. As a concrete criticism, I may draw attention to 
the Author’s section from Portaskaig to Bonahaven. His inter- 
pretation involves large-scale movement of so special and differ- 
ential a character, that one wonders at his daring when he reads 
into it the effects of a minor unconformity. My own explanation 
of the difficulty is that the Author has misread his stratigraphical 
sequence. 

‘The Author’s description of Beannan Dubh stands on a 
different footing, for it includes a new observation, which, if 
maintained, seriously weakens my interpretation of the original 
order of deposition. I have, of course, examined the exposure 
cited, and, although specially on the outlook, I did not see the 
particular appearance of inverted solution-erosion to which he 
draws attention. I surmise that the appearance is capable of 
some other explanation than that put forward by the Author ; 
butnothing else than fresh examination can settle such a point.’ 

Mr. G. Barrow thought that the Author could have more 
easily proved his main point by starting from the base of the 
Quartzite (the Central Highland Quartzite) which occurs along 
nearly the whole of the south-eastern side of Islay, a little inland. 
Mr. Wilkinson gives the evidence that this is the base in great 
detail, the lowest part of the rock being often black and at times 
containing slabs of underlying material (now a graphitic phyllite) 
fully a foot long. Proceeding inland across the broad outcrop, one 
meets with alternations of pebbly quartzite and massive quartzite 
until the other margin is reached: this is fine-grained and white ; 
it is, in fact, the typical white top of the quartzite which occurs 
right across the Highlands, and is so well seen on the coast at 
Portsoy. This margin, although everywhere of the same nature, 
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is not apparently noted by Mr. Wilkinson; but he clearly states 
that the conglomeratic material, which he correlates with the Port- 
askaig Conglomerates, and which occurs really next to or close to 
this margin, is quite unlike the conglomeratic material actually 
inside the true base of the quartzite. Although he shows that 
this white margin must be the opposite side or top of the quartzite, 
he rejects this view solely because the limestone is seen lying under 
this margin. But, in the numerous quartzite- -mountains in the 
centre of this countr y (Blair Athol, Braemar, etc.), the limestone 
overlies the white top on the south-eastern side of the mountains, 
and invariably underlies it on the north-western side; the dip is 
isoclinal throughout. Mr. Wilkinson’s view is based upon evidence 
that has no value in determining the order of succession. 

Thus the great central group “of beds in Islay, consisting of the 
Limestone Boulder-Bed (Portaskaig Conglomerate), Dolomitic 
Series, and the flags described by the Author must overlie the 
Quartzite. North- west of this group the white top of the quartzite 
comes up again, followed by the main mass of the rock, and thus 
the Limestone and the associated beds must lie in a synchine, 
though of a complicated character. 

North of Loch Skerrols, the ‘fine white margin’ is often seen, 
repeated by minor folds; it is here absolutely ‘identical with the 
same margin of the Quartzite at Portsoy on the east coast. It is 
not merely fine and white, it exhibits those curious tine black lines 
on its exposed face, due to the presence of films of heavy minerals, 
which show perfectly the false bedding in the rock. In contact 
with this are the typical thin flags (‘ Honestones’ of the speaker), 
which thicken slightly to the south and undoubtedly occur on 
both sides of the supposed thrust, as the Author has shown. 
These flags become much thicker in the Bowmore area, and present 
field-characters, identifying them with the (more crystalline) 
Moine gneisses which form the dominant component of roughly 
1000 square miles of the Highland Area, and occur at no great 
distance south-east of the Moine Thrust. The Author had shown 
lantern-slides of these gneisses to prove their identity with the 
Bowmore flagstones. 

The statement that the Loch Skerrols Thrust has no existence 
is not really surprising. The same is true of the boundaries of the 
supposed inliers of Lewisian Gneiss in the so-called Dalradian or 
Newer Gneisses in the area south-east of the Moine Thrust. These 
boundaries, whether they be called thrust-planes or uncon- 
formities, do not exist, for the inliers of Lewisian Gneiss do not 
exist. It has become clear that these areas fall strictly into 
their proper places in the thermal zoning of the Highland rocks. 

The AurHor, in reply, regretted that there had not been more 
criticism. He then read the following reply to Mr. Bailey’s 
criticisms :—‘ I much regret having to differ from so brilliant and 
open-minded a geologist, but am glad that Mr. Bailey accepts my 
identification of the nordmarkite-suite in the Blackrock Grits. I 
am content to leave the logical deduction from the lithological 
evidence to the reader. 
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‘I aim indifferent to nomenclature, so long as those who settle 
such high matters do not confuse rocks of different composition 
which they choose to call by the same name. With regard to 
my identifications, I prefer evidence to authority, and distrust the 
somewhat dangerous experience which can draw distinctions that 
cannot be defined. I have stated the evidence upon which I rely. 
As Mr. Bailey asks that the reader may be informed in what par- 
ticulars his descriptions of the siliceo-argillaceous flags err, I may 
say that they do not take enough account of the variability of 
appearance ina bedded argillaceous sandstone due to varying pro- 
portions of constituents. For instance, Mr. Bailey’s description 
(op. ert. p. 138) of the Bowmore-Laggan section as “ compact, hard, 
fine-grained sandstone, weathering with brown surfaces, but grey 
on a fractured face.... The rocks are extremely homogeneous, 
and therefore the bedding is very faintly marked” applies to many 
parts of that coast; but, as the specimens and photographs exhi- 
bited show, not to others, such as Eilean an Droighinn, which is 
better fitted by Mr. Bailey’s later wording (op. cit. p. 147). On 
the other hand, the above-quoted description also applies well to 
parts of the flags on the Portaskaig coast, as developed at Carraig 
Artair and Creag Mhor. Therefore, I accept both Mr. Bailey’s 
descriptions, so far as they go. I must however demur to 
Mr. Bailey’s view that the districts “separated” by the supposed 
thrust are of entirely different geological complexions. The only 
difference is the breadth of the Bowmore Flag outcrop, which is 
comparable to the change in the breadth of the Limestone outcrop 
north-east of Beannan Dubh in a distance of 100 yards. It would 
seem as reasonable to insert a thrust along the western edge of 
the Weald, because the Chalk west of it has an outcrop 30 times as 
broad as it has on the Hog’s Back. I can see no reason why we 
should expect the Tertiary structures of the Alps to be repeated 
in the Highlands, or why the kaleidoscopic theories of Alpinists 
should be treated as firmer soil than the work of Charles Lapworth 
and of our American colleagues. ‘I'he folds of my sections are puny 
affairs, compared even with Mr. Bailey’s interpretation of Ben 
Udlaidh, still more with his mighty nappes. I take this oppor- 
tunity of saying definitely that, as a result of my study of the 
published maps, 1 do not believe that the supposed slides and 
nappes of the South-West Highlands have any real existence ; 
but such explanations are necessary, if sequences are to be taken 
from sections like those at Portaskaig. 

‘Finally, I wished to point out that, by deduction from a 
hypothesis (which, at the time, I regarded as doubtful) I was able 
from London to put my finger on the spot in Scotland where the 
igneous suite of the Highland Boulder-Bed could be found in 
supposed Torridonian; and I obtained the nordmarkite on my 
first morning, a few minutes after starting to look for it. If 
that hypothesis is wrong, and the eminent geologists mentioned 
by Mr. Bailey are right, it is surprising that they, who have spent 
more days in Islay than I have hours, and possess a thousand times 
my knowledge of the Highlands, should not have anticipated me.’ 
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6. The Ianxrous Rocks of the Torrwortn Inirer. By Prof. 
Sipnex Hveu Reynoxps, M.A., Se.D., F.G.8. (Read 
November 7th, 1923.) 
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I. INTRODUCTION. 


In a paper published in 1901! by the present writer, in collabora- 
tion with Dr. C. Lloyd Morgan, an account is given of the igneous 
rocks of the Tortworth Inher, the divergent views of previous 
writers as to the contemporaneous or intrusive character of the 
rocks are summarized, and the occurrence of fossiliferous calcareous 
tuffs is proved, leading to the conclusion that the associated 
‘trap ’-rocks are lava-tlows of Silurian age. The exposures of 
‘trap’ in the neighbourhood of Woodford and Middlemill are 
considered to belong to the lower of the two trap-bands. 

A second paper by the present writer, in this case in collabora- 
tion with Dr. F. R. Cowper Reed, published in 1908,” was con- 
cerned only with the fossiliferous Silurian rocks. ‘The work, 
however, led to the conclusion that the trap of Woodford and 
Middlemill does not belong to the lower band, but is really a of 
the upper band shifted hor uhwande by a fault (see fig. 3, Q. J. GS. 
vol xiv, 1908, p. 518). Further information relative to oan 
igneous rocks, obtained when working at the above paper, was 
published in 1908 in the report of a committee of the British 
Association, appointed to investigate the pre-Devonian rocks of 
the Mendips and Bristol area.? In this report reason is given for 
doubting whether the lower trap-band may not, after all, be 
intrusive. 

I. Tur Lower ‘ Trap’-Banp. 

The rocks are exposed :— 

(1) by the stream about 300 yards south-east of Charfield railway-station; 
(2) in two old quarries, one east and one west, of Whitehall Villa, 
Damery ; 


(3) in Damery Quarry ; 
(4) at various points in Michael (Mickle) Wood. 


The rock at all these localities is very uniform in general 


1 Q.J.G.S. vol. lvii, pp. 267-84. 
2 Tbid. vol. lxiv, pp. 512-45. 
3 Rep. Brit. Assoc. (Dublin) 1908, pp. 289-91. 
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appearance, both in hand-specimens and in thin sections, and con- 
sists in the main of felspar-laths 5 or 6 times as long as they are 
wide. There are no felspar-phenocrysts, nor included patches difter- 
ing 1 grain from the bulk of the rock, nor quartz-xenoerysts, all 
of which are characteristic of the upper band. The eround-mass, 
though sometimes (134)! slightly glassy, shows this feature much 
less than in the case of the rocks of the upper band. 

The felspars? in almost every case were probably originally 
medium labradorite. Occasionally, as in a rock from Damery 
‘Quarry, the felspar remains labradorite; but, in the great majority 
of cases, the labradorite has been wholly or partly replaced by a 
more acid felspar. Thus, in a rock from Chartield Green (5), the 
larger labradovite-crystals have strings and patches of albite 
occurring throughout them, and there are also acid replacements 
and additions at the margin. Ina rock from the quarry west of 
Whitehall Villa (140) the labradorites have not only been much 
albitized, but are frequently edged with oligoclase. One of the 
rocks from Damery (17) is highly albitized, as is also one (129) 
from Mickle Wood. On the other hand (18) from Mickle Wood 
shows replacement of labradorite by oligoclase. A rock from the 
old quarry east of Whitehall Villa (80.4) shows the felspar 
strongly zoned: the more basic felspar has been decomposed, but 
the more acid oligoclase-andesine is fresh, and there has been little 
or no albitization. One of the rocks from Damery (120) contains 
felspar of slightly more acid character than usual, mainly andesine 
to acid labradorite, there has been some albitization. with the 
production of albite-oligoclase. Albitization is certainly a general 
feature of these rocks, and in this connexion attention may be 
drawn to the presence of 5:13 per cent. of soda in the partial 
analysis of a rock from Damery quoted below. 

Pseudomorphs after olivine, though never very plentiful, are 
characteristic of all the rocks of the lower band. The pseudo- 
morphs are generally in chlorite, sometimes in serpentine, rarely in 
calcite. Rhombie pyroxene, though subordinate, is always present 
in the form of small grains filling the interstices between the 
felspar-laths. The rhombie pyroxene may be partly fresh (5), but 
is as a rule replaced by bastite-pseudomorphs (18, 184). Small 
chloritic (130) patches probably represent pyroxene. Many of the 
rocks are stained with ferrie oxide, and grains of magnetite are 
more plentiful than in the rocks of the upper band, though less 
plentiful than in most normal basalts. - 

Mr. E. G. Radley has determined the following silica and alkali 
percentages :— 

SLOes KO Na O: 

E4, 300 yards south-east of Charfield Station. 52°60 1:06 3°62 

TS GAT IDE venciay (Oikos | croen ay pouuonpeon-pacdeader 47°86 2°57 5°13 

PLZ Mickle Wood kits. -tcketretatceeicents HOO = = 


1 Numerals in parentheses refer to the numbers given in §4, Key to 


Localities, p. 110. , 
2 The following account of the felspars is entirely based on notes kindly 


supplied by Dr. Herbert H. Thomas. 
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The rocks are not, as a rule, amygdaloidal, though this feature 
is seen at the base of the Damery mass and in some rocks from 
Charfield Green (5). 

The Damery and Mickle Wood ‘traps’ contain in places many 
small pieces of sandstone. his is very little modified at the 
contact; but the narrow tongues of ‘trap’ which penetrate it, and 
the numerous cracks which radiate from the margin of the ‘ trap 
through the sandstone without replacing its banding (see Pl. VIII) 
sugeest high pressure, and are consistent with the: view that the 
lower ‘trap ’-band is intrusive. The rocks of the lower band are 
to be classed as olivine-basalts, although they differ from the more 
normal types in the searcity of the pyroxene and iron-ores, and in 
the fact that by far the greater portion of the felspar (although 
doubtless originally labradorite) i is now in the condition of albite 
or sometimes of oligoclase. 


Ill. THe Uprrer ‘Trap ’-Banp. 


The exposures of the upper band are far more numerous than 
those of the lower. In the Charfield Green area the southernmost 
exposure is at a point 150 yards east of Manor Farm, while another 
occurs in an old nearly filled-up quarry, south of the road at 
Warner’s Court. The upper band is fairly well seen in the railway- 
cutting north of Charfield Station, and is well exposed in the old 
quarry (Cullimore’s) south-east of Underwood Farm. In the 
Avening Green and Daniel’s Wood area it is well seen at Avening 
Green, and was exposed in trial-holes south and west of Crockley’s 
Farm. It is also seen at several points in Daniel’s Wood. In the 
Middlemill and Woodford area it is exposed at the Woodford Green 
cross-roads, at Middlemill Quarry, by the lane leading southwards 
from Middlemill and west of the Fox Inn. At all these localities 
the rocks are pyroxene-andesite, and have many characters in 
common whereby they contrast strongly with the rocks which 
form the lower band. These characters are as follows } :— 

(1) The felspars include (a) minute needles; (b) laths five or six times as 
long as wide; (c) small short crystals, nearly square in longitudinal 
section ; and (d) large phenocrysts. 

(2) The phenocrysts, which are very much altered, were deeply corroded 
by the ground-mass, and subsequently bordered by a growth of fresh 
secondary felspar. Dr. A. Harker suggested, many years ago, that 
they are xenocrysts, and that the magma in which they are now found 
is not that in which they originally consolidated. They are invariably 
present in the rocks of the upper band (see Q. J.G.S. vol. lvii, 1901, 
pl. xi, fig. 2, also Pl. VII, figs. 1 & 2 of the present paper). 

(38) Quartz-xenocrysts deeply corroded by the ground-mass and commonly 
surrounded by a reaction-border (see Q.J.G.S. vol. lvii,.1901, pl. xi, 
fig. 3, & Pl. VII, fig. 1 of the present paper) are most characteristic. 
They have been met with at the following localities :—the old quarry 
opposite Warner's Court, Cullimore’s Quarry (Charfield Green), Ave- 
ning Green, Daniel’s Wood, Woodford cross-roads, and west of the 


1 See description, Q. J. G.S. vol. lvii (1901) p. 281, of a rock from Daniel’s 
Wood ; also ibid. pl. xi, figs. 2 & 3. 
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Fox Inn (Woodford). The reaction-border, although now in some 
cases consisting of chlorite or calcite, was originally of pyroxene 
(monoclinic or rhombic or both). 

(+) The presence of a considerable amount of glassy material, often having 
a yellow colour, in the ground-mass is very characteristic. In some 
cases, as in a rock from Avening Green (135), the ground-mass is 
almost entirely glassy. The rock from the east of Manor Farm (90) 
is also very glassy. In other cases, as in a rock from opposite 
Warner's Court (11) and one from Daniel’s Wood (31), patches of 
glass occur, showing the ‘intersertal structure’ of Rosenbusch in 
typical fashion. 

(5) Patches of ground-mass having a different grain from the remainder, 
and probably of the nature of xenoliths, are very characteristic of the 
rocks of the Daniel’s Wood and Woodford area. These patches are 
of three kinds. Some of them consist of felspars longer and of more 
uniform shape than those occurring in the main part of the ground- 
mass, and recall the characters of the rocks of the lower band (see 
Pl. VII, fig. 2). Others are patches with a darker and more glassy 
ground-mass than that forming the bulk of the rock. Both these 
kinds of xenolithic patches occur in the rock from Daniel’s Wood 
(81 & 88), while the glassy type is met with also in the rock from 
opposite Warner’s Court (11) andfrom Heathermead, Woodford (125). 
In a third type, represented by rocks from Cullimore’s Quarry, Char- 
field Green (42), from Avening Green (135*) (see Pl. VII, fig. 3), from 
north-west of Daniel’s Wood (103), and from the northern end of 
Daniel’s Wood (103%), the xenolithic patches are of a markedly vario- 
litie character. In general appearance the felspars of the upper band 
vary much in shape, and contrast a good deal with the uniform laths 
ot the lower band. ; 


As was the case in the lower band, while the felspars were 
presumably all originally near labradorite and some remain so, in 
the majority of cases the extinction is straight, and the felspar 
is now albite or oligoclase. In the rocks from the following 
loealities :—Daniel’s Wood (31), Middlemill (29), Heathermead, 
Woodford (125), and Avening Green (135), the felspar is still 
wholly or partly labradorite. In a rock from Crockley’s Farm 
(105) many of the felspars are chloritized. On the other hand, 
in a rock from Middlemill (16) the felspars are wholly converted 
into oligoclase ; in one from west of the Fox Inn (110) they are 
mainly oligoclase, sometimes edged with albite; and in one from 
Cullimore’s Quarry, Charfield Green (3), while the felspar was 
originally andesine-labradorite, if is now largely converted into 
oligoclase-albite. 

Pyroxene, which is relatively scanty, always occurs in very 
small crystals, and includes both augite and enstatite. Sometimes 
the two minerals are present in the same rock (31, 109). 
The quartz-xenocrysts always have pyroxenic borders. The rock 
from opposite Warner’s Court (11) is an example of those in 
which the pyroxene is augite ; but, in the majority of cases (125, 
135), the pyroxene is represented by bastite-pseudomorphs after 
enstatite. In some cases the pyroxene is replaced by chlorite 
(3, 9, 104*), in other cases there is no pyroxene (15, 98, 122). 

A marked feature, in which the rocks of the upper band differ 
from those of the lower, is the complete absence of olivine. 
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The rocks are sometimes highly amyedaloidal, as at Cullimore’s 
Quarry, Charfield. Amy edaloidal rocks also occur in the railway- 
cutting north of Gharkeld Station (9), at Middlemill (122), and 
by the stream south of Middlemill (15). The material filling the 
vesicles may be calcite; or partly calcite, partly chlorite ; or partly 
chlorite, and partly spherulitic chaleedony, as in a rock from 
Crockley’s Farm (104**). 

A very characteristic feature is the scarcity of iron-ores. Some 
of the rocks are stained with ferric oxide ; but magnetite (though 
occasionally present in small quantities) is never plentiful, and in 
many of the rocks is completely absent (15, 31, 105, 110). 


Mr. E. G. Radley has determined the following silica and 
alkali percentages of rocks from the upper band :— 


SiO,. K,0. Na,O. 
E 11. Opposite Warner’s Court......... 56°13 — — 
ih} Ol, Damielise VWiCOUM waa ec: oe eee eee 58°80 0°68 2°84 
E110. West of Fox Inn, Woodford .,. 52°44 2°70 2°33 
Hod. A vyeningnGreen ite a; aude eaecoeee 55°64 — — 


IV. Key ro Locanrrres (as the exposures are followed 
from south to north). 


Numbers of rocks from the lower band, referred to 
, 5, 180. South-east of Charfield Station. 
30, 140. Whitehall Villa. 
17, 50, 120, 121, 184. Damery Quarry. 
18, 129. Mickle Wood. 


Numbers of rocks from the upper band, referred to 


90. Hast of Manor Farm. 
11. Opposite Warner’s Court, Charfield. 
9. By railway north of Charfield Station. 
3, 42. Cullimore’s Quarry, Charfield. 
54, 185, 135*, 1386. Avening Green. 
104*, 105. Trial-hole south-east of Crockley’s Farm, 
Tortworth. 
31, 38, 108, 108*. Daniel’s Wood area. 
98. Woodford Farmyard. 
16, 29, 122. Middlemill Quarry. 
15. By stream south of Middlemill. 
125. Heathermead, Woodford. 
109, 110. West of the Fox Inn, Woodford. 


Note.—An isolated patch of trap (108) exposed in the lane 
north-west of Daniel’s Wood eannot be worked in with either 
band, and would seem to be a separate intrusion. If that be the 
case, it would be expected to present the characters of the lower 
band. It is, however, clearly of upper band type. The exposure 
is obscure, and it is perhaps just possible that it may be part of a 
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large mass not zn sttw; but I have examined the exposure on 
several occasions with that possibility in view, and in each case 
have concluded that the rock must be considered to be in place. 


V. SUMMARY AND ConcLuUstIons. 

The igneous rocks associated with the Silurian rocks of the 
Tortworth Inher form two bands, the lower of which is probably 
intrusive ; while the upper, which is associated with calcareous tuff, 
is contemporaneous. The rocks of the two bands, though showing 
well-marked differences, have several features in common. In 
each case the felspars, although doubtless originaliy labradorite, 
are now wholly or partly in the condition of albite or sometimes 
oligoclase. In each case pyroxene is present only in the form of 
very small grains, is relatively scanty, and predominantly enstatite. 
Iron-ores are scarce, and other accessory minerals are almost 
unrepresented. Amygdaloidal rocks occur in each band. The 
rocks of the lower band are characterized by the presence of 
pseudomorphs after olivine, and by the relative abundance of 
iron-ore. ‘They may be grouped as olivine-enstatite-basalts. 

The rocks of the upper band are especially characterized by the 
corroded quartzes with pyroxenie borders, and by the greatly 
altered and corroded felspars bordered by fresh secondary material. 
Both quartz and felspar are clearly xenocrysts. Peculiar xenolithic 
patches of the ground-mass are also very characteristic. Olivine 
is absent, and iron-ores are either very scanty, or completely 
absent. The rocks may be grouped as pyroxene-andesites. / 


Dr. Herbert H. Thomas has most kindly examined some of my 
slides. J am, in particular, deeply indebted to him for notes on the 
felspars. 

The cost of the analyses, and part cost of cutting sections 
and of the illustrations, has been defrayed by grants from the 
University of Bristol Colston Society. 


EXPLANATION OF PLATES VII & VIII. 


PratEH VII. 
[All the figures are magnified about 15 diameters. | 
Fig. 1. E 110. Pyroxene-andesite, west of Fox. Inn, Woodford (upper band). 
The section shows a quartz-xenocryst with a pyroxenic border, also 
a weathered felspar-xenocryst with a border of fresh secondary 
felspar. (See p. 108.) 

2. E 81. Pyroxene-andesite, Daniel’s Wood, Tortworth (upper band). 
The section shows a deeply corroded felspar-xenocryst, and a 
xenolithic patch differing in grain from the bulk of the rock. (See 
pp. 108, 109.) 

3. BE 135*, Pyroxene-andesite, Avening Green (Upper Band). Part of a 
variolitic xenolith. (See p. 109.) 


Puate VIII. 


Junction of basalt and included block of sandstone, Damery Quarry, showing 
cracks and fine threads of igneous material radiating from the basalt into 
_ the margin of the sandstone. X about 15 diameters. (See p. 108.) 
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DIscUSSION. 


My. L. Hawkes recalled, in order to explain the presence of 
the corroded quartzes in the pyroxene-andesite, the suggestion 
made many years ago by Dr. Alfred Harker, with regard to such 
occurrences in general, that the individuals had sunk into a basic 
magma from an overlying acid one. Considerations of density 
rendered the sinking of quartz in many basic magmas unthinkable, 
and indeed, so far as the speaker was aware, no demonstration was 
yet forthcoming that any such settling had taken place in acid 
magmas. ‘The dolerite of a composite dyke in Iceland recently 
examined by the speaker contained corroded xenocrysts of quartz 
and acid felspar, which could be matched with the larger crystals 
of the associated quartz-porphyry. He suggested that the basic 
magma had caught up portions of the acid one in which the large 
quartz and felspar had already grown, and that, before the consoli- 
dation of the dolerite, the acid liquor had been assimilated and the 
crystals attacked. The irregular distribution of the xenocrysts 
was in accord with this idea. He asked the Author whether the 
features of the Tortworth rock would render such an explanation 
possible. 

The Aurinor referred the previous speaker to two papers by 
Dr. Harker in the Geological Magazine for 1892. The very wide 
and uniform distribution of these xenocrysts in the rocks of the 
upper igneous band seemed impossible of explanation on the view 
that the quartzes were mechanically caught up by the magma. 


[March 17th, 1924. ] 
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7. The River-Gravers of the Oxrorp Disrrtcr. By Kenneri 
Stuart Sanprorp, B.A., D.Ph., F.G.S. (Read June 20th, 
1923.) 


THE object of this paper is to investigate the contents and 
mutual relations of the Pleistocene fluviatile deposits associated 
with the headwater streams of the Thames, and to find what 
bearing they have on the history of the river and of Quaternary 
times. 

The paper is rather of the nature of a first report, and contains 
much introductory matter, for the district to be considered has not 
received the amount of attention which has been paid to other 
parts of the same river. 

The subject will be dealt with as follows :— 


plntrodiuccomysSecblouyeren.,  waereen ice as tae eh se uh. heeet: 113 

(1) The Area under observation, and a brief Account of 
its Topography, with the Relations to the Solid 
Geology. 

(2) The Grading of the Headwater Tributaries of the 
Thames. 

(3) The Presence of River-Terraces, and their Continuity 
with the Thalweg of the Present Streams. 


Il. Stratigraphy and Geology of the Terraces, with the 
Evidence of the Presence of Paleolithic Man, and the 


Contemporary, Haute, ope peentec acs ce0 Se taetooonein teen « 121 
III. River History, Climate, and Chronology................0.c0000s 1538 
IVer Summary andi Conelusions p seencenctectteacac te ceece er eeene 163 
Vis, Bibliogmaphiy | paw va Men ac cone ene apema tic teuein eis selec mecca 164 
Appendix I. Synopsis of the Pleistocene Vertebrata of the 
Oxford) Distaictips. sca: ce eae eee 166 
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Appendix III. The Pleistocene Non-Marine Mollusca, by 
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I. InrRopuctory SECTION. 


(1) Area of Work. 


The district in which the work has been carried out may be 
defined under two headings :— 


(i) Area of detailed work and close observations. 
(ii) A wider area which has come under observation, but which I have 
not been able to keep under careful scrutiny day by day. 


Q. J.G.8. No. 818. I 


Fig. 1.—Topographical map of the Oxford district. 
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[The name of the river Glyme has been omitted from the map at Woodstock ; 


and the name of the area of Ot Moor has been omitted east of Islip and 
south of the Ray. | 
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F (1) Roughly, the country lying within the bounds of the Oxford 
Special Sheet, Geological Survey Map, 1908. 


(a) The Thames from Newbridge to Culham. 

(6) The Evenlode from the upper end of its gorge near 
Chadlington by Charlbury, to its junction with the 
Thames at Cassington. 

(¢) The Cherwell from Kirtlington to Oxford, where it joins 
the Thames. Ot Moor (Ray Valley). 

(d) The Thame as far up its course as Ickford. 


(11) The country enclosed by a line drawn on the map through 
the following places:—Banbury, Buckingham, Thame, Cholsey, 
Dideot, Marcham (near Abingdon), Newbridge (about 4 miles 
south of Stanton Harcourt), Burford, Moreton-in-the-Marsh (at 
the head of the Evenlode Valley), and then along the Cotswold 
escarpment back to Banbury. 


Topography and Solid Geology. 


At the outset it will be well to give a brief description of the 
terrain, though this is known to any resident or to students of the 
country of Prestwich (1),! Osborne White (2), Davies (3), and other 
authors who have dealt with the so-called plateau drifts and 
similar deposits. 

The relief of the area is determined by three main and roughly 
parallel escarpments running from north-east to south-west and 
their dip-slopes : 


(1) The Cotswold escarpment. 
(2) The dip-slope of the Oolites, capped by the Oxford Clay. 


(3) The Corallian-Portland escarpment, capped by the Lower Cretaceous 
rocks of Cumnor Hurst, with Wytham Hill, Shotover, and, farther 
north, Brill, in the Bicester country. 


(4) The Vale of White Horse and Vale of Aylesbury behind the above 
range of hills, dominated on the south and east by 


(5) The escarpment of the Chilterns and the Berkshire Downs. 


The Thames or Isis and its tributaries, the Windrush, Hvenlode, 
and Cherwell with the Ray, drain the Middle and Lower Jurassic 
country, and converge on Oxford, where they unite to form the 
main River Thames (Isis). The Thame drains the Vale of 
Aylesbury, and joins the Thames at Dorchester a few miles above 
Goring Gap; while the Ock on the other side drains the Vale of 
White Horse and the Chalk escarpment, and joins the Thames at 
Abingdon. For some miles round Oxford the Isis, Evenlode, and 
Cherwell flow in the plain of Oxford Clay until they unite near the 
city, and, on reaching the Portland-Corallian escarpment (Sandford 
Gap), the Thames passes from the Oxford Clay without break on 
to the Kimeridge Clay, and in turn on to the Gault. 


1 Numerals in parentheses refer to the Bibliography, § V, p. 164. 
eX 
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On the north-east the Ray and Thame drain a peculiar area 
made up almost entirely of clay:—Oxford Clay, Ampthill Clay 
(which replaces the Corallian limestone series on the east), and 
Kimeridge Clay. In the Ray basin the lithological change in the 
Corallian rocks, together with the greatly broken nature of the 
rock in the Islip district (due to much faulting),! gives rise to 
the great low-lying plain known as Ot Moor, covered with alluvium 
which passes by three different gorges to the watercourses of the 
Cherwell and Thame; a fourth channel is blocked by low-lying 
river-gravel. 


(2) The Grading of the Headwater Tributaries of 
the Thames. 


The Continuity of the Rivers. 


As might be expected in an area of fairly soft sedimentary rocks, 
drained by a river-system which apparently is fairly well matured, 
there is no discontinuity of any one of the rivers at its point of 
confluence with another in the Oxford plain: thus the Ray joins 
the Cherwell without break of the curve of descent of either river, 
and so it is with the junction of the Glyme stream and the 
Evenlode (now artificially broken by sluices), of the Holton Brook 
and the Thame, and of all the main rivers with the Isis. If we 
ascertain the river-level at various points, the thalweg of each can 
be plotted; and, in each case (Isis, Evenlode, and Cherwell), a 
regular curve is obtained, which would doubtless show minor 
irregularities if more detailed work were carried out. These, 
however, are explained by structural and topographic conditions, 
and have no significance in this paper. Rapid falls may be 
situated at and about confluences, and occur in narrow funnel- 
shaped parts of the valley where it pierces an escarpment. 

Graphs are appended (pp. 118-19) of the three rivers mentioned 
above; they have been constructed from my own levelling, hori- 
zontal distance being measured roughly along the present course 
of the rivers, not across the larger meanders. 

The same continuity cannot be said to exist among the rills and 
winter bournes which rush down the coombes and minor valleys to 
join the nearest main stream. It is interesting to note that some 
of the coombes are at least of Neolithic age, since implements of 
this period are found in and near them: a measure of the rate of 
destruction of the country, and of the establishment of regularly 
graded streams. 

The graphsand the most elementary investigation of the ground 
show clearly enough the close continuity and even grading of the 
present headwaters of the Thames: it remains to be seen whether 
the same conditions obtained in earlier times. 


1 Also to. an anticlinal axis pitching eastwards into higher ground. 


ee 
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(3) Lhe Presence of River-Terraces, aud their Continuity 
with the Thalweg of the Present Streams. 


The late Clement Reid (+) suggested, in his paper on the deposits 
of the Sussex coast, that there may be no terraces whatever in 
the Thames Valley, and that the gravels at all heights may be parts 
of one sheet belonging to a single period—‘ frozen soil-gravels’ : 
it may be well, therefore, not to take the presence of terraces for 
granted, but to enquire into the matter. 

In some regions of the Upper Thames, gravel-slopes somewhat of 
the nature suggested are to be found: thus, a mantle of implement- 
bearing gravel sweeps down the Chiltern escarpment in the neigh- 
bourhood of Goring Gap (Ipsden and Brightwell); but this, I 
believe, is a deposit formed by surface-washes, possibly aided by. 
surface-movement on the escarpment-slope, its formation having 
been perhaps continued over a prolonged period of time, without 
any direct bearing on what was happening on the banks of Thames 
and Thame. Such formations have little in common with the 
gravels bordering the river in the present valleys about Oxford. 

In some parts of the Thames it has been found impossible to 
maintain the terrace classification, because two gravels, each of 
which separately can be defined as of one terrace or another, unite 
when traced farther: this is a feature of the lower parts of the 
river-course where there is little or no fall, nor has there been for a 
very long time. They belong principally to the estuarine zone of 
the river, and, although they doubtless cause much confusion, no 
other condition can be expected in this part of a river, especially 
when the vertical range between the two terraces is not great at 
any part of the thalweg. 

Thus, down-wash gravels and gravels with small vertical distance 
between them may form a continuous sheet, and contained 
implements and fauna may or may not disclose the identity of 
one deposit masked by another. Neither of these conditions is 
observed to any appreciable extent in the Oxford district. 

Two other features would seem to give the appearance of a con- 
tinuous sheet of gravel: first, the tail and surface-creep of a bank 
of gravel masking the slope below it, and passing on to a lower 
gravel-bed ; secondly, later gravels of subsidiary streams flowing 
down the dip-slopes may oecupy the position of a much more 
ancient deposit, and, descending transversely across it, may 
continue a bed of deposition far below it, even into the present 
channel. Such might be looked for at any part of the river’s 
course, but more particularly where the river passes through a 
gorge down the sides of which rapidly-flowing streams, with high 
erosive power, hasten to join the main stream. 

The position of these streams may alter as time proceeds, and so 
it seems that a mantle of gravel, truly fluviatile and bedded, may 
take its place over more ancient deposits, redepositing them in the 
process, and, to add to the confusion, incorporating in the new 
deposit the fossils of the old. 
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I have been unable to work in the Reading area, and have had 
to rely on published papers; but I believe that a process such as 
the above may account for some of the perplexing problems that 
are to be met with there. Such mantles are missing (so far as 
my observations have shown) in the greater part of the headwater 
region above the gorge of the Chilterns. 

A glance at the geological map tells a different story, and 
observation in the field confirms it. The deposits around Oxford 
are disposed in terraces ; their number and location will be dealt 
with shortly, but terrace for terrace they can be traced over the 
region, always (within a few feet) at the same height above the 
stream that they border and the waters of which laid them down. 
This is important, although not altogether unexpected. In a fair 
open country like that around Oxford one might expect to find 
terraces : the waters are not cramped in a gorge, nor is there cause 
for the surface-drainage to find its way across the higher river- 
terraces in large or swift streams. In fact, the springs rise from 
the base of the gravels, which act as their reservoirs, and tend 
rather to accentuate the terrace character than to mask it. The 
fall of the rivers is rapid, and features tend to be clearly cut: we 
are in a region of that part of a great river which has remained 
longest in its juvenile state. This fact is illustrated by the absence 
of an ‘alluvial stage’ of any of the terraces (except the Wolvercote 
site). 

It has been stated that the terraces rise with the present river- 
level; and such is the case. In places are rapid falls of one or the 
other; but the same relation remains, and it is fortunate that the 
banks of gravel have been preserved in sufficient length to rule out 
the possibility of one terrace being correlated with another farther 
away which, in reality, is part of a higher or a lower deposit. 

The only case wherein the terrace system may be said to break 
down is in the relation of the lower terrace to the buried channel : 
the latter is but newly identified in the area, and little is yet known 
of it. There is, however, a continuous thickness of gravel from 
the bottom of the latter to the top of the former: the two are at 
present not clearly to be differentiated, and in fact probably belong 
to the same phase of the river’s history. The same holds good, 
I believe, in the case of the similarly placed gravels in the lower 
reaches of the river (5). 

In the accompanying figures (2 & 3, pp. 118-19) with the 
thalwegs of each stream the gravels are shown that occur with it, 
so far as I have mapped and levelled them. This type of figure is 
at best incomplete and apt to be misleading, since some of the 
deposits mapped are certainly deposits of the margin of the 
stream, others of the centre: in this case, there is nothing that 
need mislead. The figures give an introduction to the deposits 
that we are about to study, and will call to mind that drawn by 
Mr. H. Dewey, in his joint paper with Mr. R. A. Smith on Swans- 
combe (6), with which, however, I do not propose at the moment 
to try to couple them. With all their faults, and they are 
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many, such figures show first, the thalweg of the present stream ; 
secondly, that of the ancient deposits, and the latter are seen to 
correspond with the former. 


Il. Srrarigrapny anp GEOLOGY OF THE TERRACES, WITH THE 
y 
EVIDENCE oF THE PRESENCE oF PaLxoLrrHtc Man, aAnp 
THE CONTEMPORARY Fauna. 


The Plateau Drift. 


It is a matter of essential importance that the relation of the 
river-terraces to the so-called plateau drift should be determined, 
before any attempt is made to describe or discuss the terraces 
themselves. 

The Rev. Charles Overy, in a paper read recently before the 
Geological Society (7), dealt in great detail with the deposits lying 
at about 140 feet above the present levels of the rivers of the 
Thames Basin. Ido not propose to enter on any discussion of this 
work: for the present, it suffices to say that Mr. Overy identified 
at least two glacial stages in the river’s history, prior to the 
deposition of the High Terraces of the Thames. The deposits 
of these stages appear to be separated vertically by others of 
fluviatile origin ; the latter seem to be rather fragmentary, and I 
am not convinced that there are two glacial stages: the deposits 
may be members of the same stage (8). 

The first glacial deposits, (P. 350=108 m.) of Mr. Overy, are 
those of the well-known Pickett’s Heath and Boar’s Hill (9) 
exposures, the latter possibly an old infilled channel: clearly- 
striated erratic boulders are known from both these exposures, 
but it does not he within the scope of the present paper to discuss 
fully either the erratics or the formations. 

The second glacial horizon lies at or about 140 feet (=40 to 
50 m.) above the present river-levels, and comes into immediate 
relationship with the High Terraces of the Thames around Oxford. 

The glacial nature of the drift must first be established. 

J will make it quite clear at the outset that I have not seen in 
this area any unaltered Boulder Clay, except perhaps at Pickett’s 
Heath (10). It does exist on the heights of the Ouse Ray-Thame 
divide, where the superficial deposits are of considerable thickness. 

The deposit that we are considering is only a few feet thick: 
a very heavy, tenacious, ferruginous clay with boulders and 
pebbles. It is entirely disordered, doubtless owing in part to the 
removal by solution of calcareous material. 

The evidence of glacial origin lies partly in the nature of the 
pebbles. All are foreign to the area. Briefly, they may be classi- 
fied as follows :— 


I. Flint. (1) Nodular ochreous flint, with a deep white or brown patina, 
possibly from Hast Anglia. 
(2) Grey-white nodular flint, which resembles that of Norfolk. 
(3) Some nodules of fresh flint from the Chilterns. 
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II. Quartzites and sandstones, supposedly from the Midlands (11). 
Ill. Tourmaline-grits and schorl-rock. 
IV. Rare rocks, some of igneous origin. 


A deposit consisting of clay with rocks foreign to the area, or 
which must have been brought several miles up or across the dip- 
slope by currents flowing opposite to the present direction of 
drainage, was certainly laid down by an agent of transport very 
different from rivers as we now knowthem. The sole agent that 
seems at all capable of such a feat is ice—either in slowly moving 
land-glaciers or floating. 

On subangular quartzite-boulders, some measuring 10x7 x5 
inches, are groups ot finely cut parallel strive. The hardest rock is 


Big. 4.—Plateau Drift, showing its general features and the 
supposed overthrust : the Duke’s Brickyard, Coombe, near 
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striated, and on more than one face. The striz are developed on 
many specimens to a far greater extent than on the block from 
Wolvercote shown by Prof. W. J. Sollas to the late Sir John 
Evans, and accepted by the latter as of glacial origin (12). 
Attention may be called here to another point which will be 
mentioned again: namely, that I have found in the High Terrace 
and the Wolvercote (40-foot) Terrace similar striated boulders, 
battered, but with the striz clearly preserved in a worn condition. 
Tam inclined to think that the above evidence is sufficient to 
indicate the probability of the glacial origin of the deposits 
immediately above the High Terrace ; but, in illustrating a section, 
another feature may be noticed (see fig. 4). The section is at 
Coombe near Woodstock, and shows a disordered deposit with all 
the features indicated above. A. striated boulder and a number of 
as yet unidentified rocks have been found here: but the feature 
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that at once strikes an observer is the band of erey-blue clay, 
about a foot thick, which rises from the base, where it is in situ, 
diagonally across the section. Boulders and pebbles ‘set in’ on 
each side of the clay-band. At first this was taken to indicate a 
land-slide ; but the slope of the land to the Evenlode Valley (the 
pit is on the edge of the river-gorge) is gentle and in precisely 
the opposite direction, southwards, the clay-band sloping steeply 
northwards. It seems possible, then, that it is a small over- 
thrust from the north; but such an explanation is only offered 
tentatively to account for a feature which (in my opinion) is not 
explained as an issue of landslip movement. 


The so-called glacial beds will now be left for the present, and 
we may turn our attention to the highest of the terraces of the 
river: that is, the highest which is in close relationship to the 
present river, contains remains of animals contemporary with 
the terrace, and is little altered since the time of its deposition. 

Then the relations of Plateau Drift and river-terrace will be 
investigated. 


Terraces of the Thames Basin in the Oxford Area. 


A few observations are necessary before we pass to the High 
Terrace. 

Mr. T. I. Pocock (13), in the Geological Survey Memoir of 1908, 
divided the river-gravels into four terraces, a system which will be 
maintained in this paper. The highest will be defined as the 
Fourth Terrace, the lowest as the First (as in Mr. Pocock’s 
account); but a place-name will be given to each terrace, the con- 
fusion of numbers being thusavoided. Some comment is necessary 
at the outset on the number of terraces. Mr. Pocock, as stated, 
identified four; but, in the last two years, various public under- 
takings have led to excavations in the river-bed, and I have been 
enabled thereby to identify a sunk channel or gorge of the Thames 
in the Oxford district: with the sunk channel I couple the First 
or 10-foot Terrace of Mr. Pocock, for reasons which will appear 
later, leaving three terraces above the reach of the present river- 
waters. 

It will be unnecessary to give a detailed account of the distri- 
bution of the gravels of each terrace, in view of the completeness 
of the information on this score supplied in Mr. Pocock’s memoir. 

The following are the deposits to be considered. The title by 
which each will be designated throughout this paper is given first. 


Handborough Terrace, variously called Fourth, 100-foot, and High 
Terrace. 
Peartree Hill Gravel, previously classified as Plateau Drift. 
not always clearly differentiated previously ; 
Wolvercote Terrace,\ isneq Third, 40-foot, Middle Terrace ; the 
former sometimes Northern Drift, and the 


Wolvercote Channel, latter the lacustrine beds. 
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Summertown—Radley Terrace, called Second or 20-foot Terrace ; 
Subdivided into 
Lower, Older, Gravels, 
Upper, Newer, Gravels, | 
Flood-Plain Gravels, First or 10-Foot Terrace. 

Sunk Channel, not defined previously. 


| not previously differentiated. 


This does not include deposits which will be encountered in the 
course of the work—such as the warp sands and the various beds 
of the Wolvereote Channel—nor does the order in which the 
deposits are enumerated necessarily imply their relative ages. 


The Handborough Terrace. 


The highest terrace of the Thames Basin in this area maintains 
fairly evenly a height of 80 to 100 feet (=24 to 380 m.) above the 
present summer level of the rivers: it is situated high on the 
flanks of the main valleys, and indeed fringes the very lips of them, 
or forms high ground between them and the more recent subsidiary 
valleys. 

The Thames (or Isis) itself within the area here dealt with is 
almost devoid of gravels of this terrace, except at Radley. This is 
probably in considerable measure due to the southward shifting of 
the river-course. The shifting is clearly seen on the Stanton 
Harcourt reach of the river, where the southern bank is bare but 
for a small patch of the First Terrace, and the terraces are met with 
in ascending order as one goes northwards from the northern 
bank: the stream is continually destroying deposits on its south 
side. The Windrush and Evenlode have gravels of this stage on 
both their banks; the Cherwell is very scantily supplied with it, , 
and little or none belonging to it has been traced in such parts 
of the valleys of the Ray and Thame as have come under my 
observation. 

Special attention will be given only to two areas of the High 
Terrace gravel: first, to the pits of Long Handborough, near 
Woodstock, which give the name to the terrace, and secondly to 
the pits at Kirtlington midway between Woodstock and Bicester. 


Long Handborough.— There are many exposures in this 
neighbourhood: the first to be considered is the Duke’s Pit, at 
the forking of the road from Oxford to Witney and to Stonesfield. 

Duke’s Pit. Some 15 feet of gravel and sandy clay are ex- 
posed, and a fair estimate of the total thickness would give 16 feet. 
The gravel is essentially calcareous, with rolled quartzites and other 
rocks found in the Plateau Drifts, and occasional large tabular 
pieces of Forest Marble and other local limestone. No unusual 
feature of bedding or arrangement is represented; but the top of 
the pit is marked by a remarkable series of so-called solution- 
pipes toa depth of 10 feet or more, filled with brown gravelly 
clay; decayed roots and other features suggest that at least some 
of these pipes are formed by the roots of big trees, either by con- 
centration of organic salts, or by rifting of the ground by a tap- 
root. At no remote date Wychwood Forest extended over the site. 
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The following mammalian remains have been recovered from the 
gravel itself, not from the pipes :— 


Elephas antiquus cf. trogontherir, molar. 
Rhinoceros megarhinws (possibly leptorhinus), molar. 
Cervus (2) elaphus, molar. 
Height of the surface of the gravel =323 feet O.D.* Height of the 
Evenlode at the nearest point =222 feet O.D.* Base-level =308 feet O.D.*! 


Height of the surface of the gravel=101 feet above the river. Height of the 
base-level=86 feet. 


Lay’s Pit. The height is very nearly the same as that of 
the Duke’s Pit. The uppermost 8 feet are in places disturbed, 
probably by movement, the deposits being thrown into small folds. 
‘The constituents are the same as in Duke’s Pit, but the proportion 
of derived erratics is markedly higher, especially at the base. 
Bedding is coarsely marked, and some cases of strong erosion and 
redeposition are noticeable. Much of the lower part is bleached 
and loose. 

In this pit I found a big quartzite-pebble, much battered, but 
beautifully striated, the striz being waterworn. Associated with 
it have been found at the base :— 

Elephas antiquus of archaic type; molar. 

EB. antiquus ; molar. 

E. antiquus or antiquus-trogontherit ; molar. 
HB. antiquus trogontherti ; molar. 

E. trogontherit ; molar. 

E. sp.; portion of tusk. 


From the same gravel :— 


Equus cf. caballus; teeth (fragments). 
Bos cf. primigenius; tooth and limb-bones. 


A single drift implement of Chellean type, with heavy ochreous 
patina, is reported from Long Handborough; but it is extremely 
unfortunate that it is not known whether the specimen came from 
these gravels, or from low-lying gravels in the valley nearly 100 feet 
below (it is now too late for this to be ascertained). Careful and 
prolonged search has revealed no implement in the higher deposit ; 
the lower is not exposed. 

In the Duke’s Pit I found near the bottom, but in place, a 
piece of burnt flint: the flint, on each side of its numerous inter- 
stitial cracks, bears a thick white patina. There is, however, no 
proof that this indicates the presence of Man, and it is quite un- 
justifiable to suggest that it does, in the absence of any other 
sure evidence of human work. 


Kirtlington.—A road leaving the village, and passing some 
cement-works, is flanked by gravel-pits just outside the village and 
near the edge of the plateau in which the Cherwell has cut its bed. 


1 Throughout this paper levels which I have taken or verified by measure- 
ment are marked with an asterisk. The work has been done with an Abney 
level mounted on a stand; but, even so, the error of this instrument is greater 
than that to be expected from a Dumpy or Theodolite. 
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In a pit on the north side of the road a thickness of about 12 feet 
of gravel is exposed; but another on the south shows 20 feet, and 
the bottom of the pit is within a foot or so of the solid rock. 

Both pits exhibit the same features :—bedded gravel, consisting 
of sand and small pebbles, mixed with great quantities of almost 
unworn tabular limestone and Liassic ironstone, and measuring 
as much as 2412x383 inches. The large size of the flags of 
Liassic ironstone is noteworthy. 

In both exposures solution has taken place, and in that south of 
the road, rectangular pits of iron-sand result. The exposure on the 
north is nearer the crest, and probably a certain amount of re- 
sorting and movement has taken place. -In both cases the lines of 
bedding are carried through the dissolved parts, but are ‘sagged.’ 


Fig. 5.— Solution-pits exposed at Kirtlington. 


Two other features are of interest :— 

(1) The scarcity of erratic rocks. Only a few small pebbles of 
tourmaline-rock have been found. Quartzite is as scarce; but 
fresh, ochreous, and grey flint is fairly common. It is clear that 
the deposit was formed by the rapid erosion of an area of Liassic 
and Oolite (the gravel rests upon the latter) scantily covered with 
Plateau Drift composed chiefly of flint. 

(2) The presence of charcoal-like material deposited in patches 
and long continuous lines of bedding. The presence of hearths 
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would account for this; but, so far, no implements have been 
found, and in their absence one must incline to a more natural 
cause—such as bush fires. 

The underlying Forest Marble contains lignite, some of which 
I tested by the use of diffusion-columns, in order to ascertain 
whether the material was derived from this source. Such did not 
appear to be the case, and the substance is probably true charcoal. 

Levels in the pit on the north side of the road :— 


Height of surface above O.D. = 330 feet.* Height of the Cherwell at the 
nearest point = 218 feet O.D.* Level of the bottom of the pit above O.D.= 
318 feet. 


Relations of the Handborough Terrace.—Before we pass 
on, the relative position of the high terrace must be fixed. In the 
Evenlode Valley the terrace is cut off sharply by the river-gorge, 
a deep winding defile formed by a series of incised meanders (14). 
There is a similar defile in the Cherwell Valley at Kirtlington. 

On the side of the Evenlode Valley from Chadlington to Charl- 
bury deposits lie 50 feet above the river: these will be described 
shortly, and it will then become clear that they do not belong to 
the Handborough stage, but to the Wolvercote Terrace. The 
Wolvercote Terrace at Wolvercote itself lies in the middle of the 
valley between Cherwell and Isis, and might represent the deposit 
of the centre of the channel on the edge of which was Kirtlington ; 
but the Evenlode Valley would seem to rule out that possibility. 
The Handborough Terrace is, then, older than the Wolvercote 
Terrace and subsequent deposits. 

It remains to fix an upper limit. Evidence has already been 
brought forward to show that the Oxford Plateau Drift is probably 
of glacial origin, not to prove that it is a boulder-clay. But 
possibly it is not; it is, in my opinion, of glacial origin, and older 
than the highest terrace of the Thames. The evidence may be 
summarized as follows :— 


(i) The Plateau Driftis in isolated patches ; the terrace, where preserved, 
is in benches of some length. 

(ii) The Plateau Drift is decalcified; the terrace-gravel still retains its 
calcareous matter. 

(iii) The terrace-gravel contains a warm fauna, in association with derived 
glacially-striated boulders. 

(iv) The terrace contains large numbers of erratics, the places of origin of 
which lie more than 100 miles from the river-course, and in other 
drainage-basins which could at no time have been invaded by the 
Upper Thames system or drained by it. These erratics are found 
in the Plateau Drift at levels higher than the terrace. 

(v) Although the Plateau Drift has not been seen resting under the gravels 
of the Handborough stage, nor the latter cutting into the former, 
surveying and levelling show that the terrace-gravels lie round the 
foot of an isolated patch of glacial Plateau Drift of the stage of 
140 feet above river-level (the Demesnes, near Long Handborough). 

(vi) If the drift were younger than the terrace, and of glacial origin, the 
latter would show some signs of considerable pressure or dis- 
turbance: this is not so. 
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(vii) Edward Hull (15) showed Plateau Drifts sweeping down into the 
valley near Ascot in the Moreton Vale, covered by low-level 
gravel, There is no reason why the Moreton Vale and other valleys 
should not have been partly excavated at this early date; but I 
know of no other reliable exposure that suggests this, except in 
Bagley Wood, near Oxford, where the Plateau Drift descends to 
within 100 feet of the river on the valley-slope. 


The foregoing briefly summarized points show considerable 
weight of evidence that: (1) a glacial deposit exists in the 
Oxford district ; and that (2) it was deposited at an earlier date 
than the high terrace. 


The Wolvercote Terrace. 


In the area of the Oxford Special Sheet (Geological Survey 
Map) of 1908 very little gravel of this terrace is to be found. In 
the Cherwell Valley there is a patch at Campsfield Farm, near 
Woodstock, which is not exposed, and so far it has not been possible 
to dig test-holes. There is the Wolvercote plateau at the former 
confluence of Thames (Isis) and Cherwell. There is a patch at 
Radley which has been exposed in the churchyard, where it is about 
a foot thick. 

In the Thame Basin two patches are marked: one is a mere 
skim of pebbles; the other is at Little Haseley, where there is a 
section. 

Outside the area of the above-mentioned map I have mapped a 
broad bank running from Chadlington nearly into Charlbury, a 
distance of about 3 miles, which shows numerous sections. This 
has not been long enough under observation to provide much 
material, and so far has yielded remains of Hquus only. 

The following localities will be considered :— 


Chadlington—Leafield Road.—A pit on the east side, 
about half a mile from the village. Here is an exposure of about 
8 feet of evenly-bedded gravel: the base is not seen, but its level 
has been ascertained. A feature of the pit is a later channel, filled 
with fine gravel capped by heavy ochreous clay: in the channel 
gravel I found a quartzite-pebble bearing particularly deep striz, 
waterworn. A pit on the same terrace at Spelsbury, near by, 
showed 5 feet of gravel capped by the same thickness of very fine 
false-bedded red sand. : 


Level of Chadlington Pit, top = 338} feet.* 


Do. do. base = 3304 feet. 
Level of the River Evenlode at the nearest point = 280 feet.* 
Level of the base of the gravel above the river = 50 feet. 
Level of the summit of the same = 58 feet (=19 m.). 


The gravel is not continued up the slope of the valley beyond its 
present height. The ridge between the Evenlode and Chipping 
Norton is known to be dotted with Plateau Drift; but the slope 
above the 50-foot bank is bare of gravel. The bench just described 
seems to be a true river-margin deposit. Below it much of the 
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land is under pasture; but it has been ascertained that there is a 
real step between the gravels and the deposits of the present 
valley-floor. 


Haseley.—In the Thame basin the Haseley Pit shows all the 
characters of a deposit derived from the eastern part of the area— 
close-set sharp iron-sand with abundant flint, including some of the 
black pebbles common in the Hocene capping of the Chilterns. 

The section shows :— 

Feet inches 


OLS Aare suatemearatiiuch sewn Secret teatrtnse se i 6 
Rubbly ferruginous loam............... al 0 
Haneeravielya acces thats, tar Rot iL 0 
Sandy clay, passing into gravel at the 

ObtOna areca arere eek aoe eee: il 6 


No bones or implements are known from this site. 


Fig. 6.—Section of the Wolvercote (50-foot) Terrace at OChad- 
lington, with a later channel, the whole capped by a down- 
wash of stiff red clay. (Pit half a mile south of the village, 


base not seen.) 


1=Soil, with pebbles. 2=Stiff clay. 3=Fine gravel. 4=Tron sand. 
5=Bedded gravel. x Situation of worn striated boulders. 


[Length of A to B=14 yards; vertical scale: 1 inch=8 feet. | 


Wolvercote.—The terrace is best seen on the Wolvercote 
plateau near Oxford. 

It was designated by A. M. Bell (16) Northern Drift; but it 
is a river-deposit, and is not to be confused with plateau or glacial 
drift. It has proved barren of bones and implements, except at 
margins of the Wolvercote channel; but recently a single thin 
flake, about 6 inches long and an inch broad, with crust on part of 
one side, was discovered in digging a foundation (Davenant 
Road). No particulars, however, are available. The flake can be 
classified as a knife, and may well be of Acheulean age. The 
sections here given were seen in the cemetery, which is close to the 
Wolvercote channel, and in foundations and other diggings of 
houses erected on a new estate about a quarter of a mile to the 
south (Davenant Road). 
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All show the same features :— 


(1) An irony gravel, the junction of which with the Oxford Clay is not 
clearly seen, owing to its waterlogged condition, but seems rather uneven and 
studded with numerous quartzite-pebbles and boulders. 

(2 & 3) A zone of disturbed material. The top of the underlying gravel is 
in regular folds, sometimes fairly sharp, and conformably above them comes 
fine calcareous gravel, continuing above the zone as an ordinary bedded deposit. 

It is difficult to give a reason for the disturbance: solution may account for 
part of the displacement, scouring out and redeposition for the rest; there is 
no evidence for assuming a change of climate. One section showed an earthy 
band above the upper bedded sand suggestive of a land-surface ; but the other 
sections showed fine-bedded sand or bedded gravel reaching to the uppermost 
zone. 


Fig. 7.—Section of the Wolvercote (50-foot) Terrace at Wolver- 
cote, showing features of stratification and (in the right-hand 
section) warp sand. 
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[Levels of top similar; sections about 15 yards apart; level of surface at 
the site of the pit figured above=227 feet 10 inches O.D.*; level of the 
Thames at the nearest point=185 feet O.D.*] 


(4) The warp sands. Mention must now be made of these, although they 
will be dealt with again shortly. It is sufficient to say that in some exposures 
the top gravels and sands are succeeded, but not greatly disturbed by, sands 
of a totally different nature—entirely disordered, coarse, and earthy, with ® 
quartzites and flint-pebbles scattered through them: they are patchy, and fill 
hollows mm the underlying deposits. 
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It is essential to fix the relation between the Wolvercote plateau 


! At the southern end of the plateau 
a section was recently cut (Roman Catholic Chapel, Woodstock 


and the Summertown Terrace. 


t, warp sand resting 


in 0 


Fig. 8.—Section showing the Wolvercote Terrace, the Wolvercote Channel cut 


e foot, and then the succeeding Summertown Terrace. 
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Road) showing about 5 feet 
of ferruginous gravel which 
reached to the edge of the 
plateau. The warp sand was 
not seen here. <A step lies 
below it, and then follows the 
surface of the Summertown 
beds at a level about 12 feet 
below the top of the Wolver- 
cote Terrace. This seems to 
demonstrate clearly that the 
latter is the older. The Wolver- 
cote plateau is now an island 
between Isis and Cherwell, 
with gravel of the Summer- 
town Terrace dotted around 
its flanks. 

The terrace will have to be 
dealt with again, in connexion 
with the channel. 


The only other deposit known 
to me that I believe to belong 
to this stage, is a bed of about 
16 feet of sand and gravel, 
disturbed and altered at the 
top, which lies near Cholsey 
in the mouth of Goring Gap 
on the 200-foot contour (at 
the junction of the Papist’s 
Way with the Main Road): 
the Thames at the nearest 
point flows at 160 feet O.D. 
This was shown to me by the 


‘Rev. Charles Overy. 


Peartree Hill—An iso- 
lated patch of gravel situated 
about 50 feet above the river- 
level a quarter of a mile north 
of the Wolvercote plateau, and 
marked on the map as plateau- 
gravel: such a determination 
would imply that the valley 
was excavated to this level be- 
fore the deposition of the Hand- 
borough Terrace: although 
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this is not impossible, in the absence of any definite evidence 
to support such a theory it is well to look farther. Nearly the 
whole of the patch was removed many years ago, to reach the 
underlying Oxford Clay for brickmaking. The pit, long disused 
and flooded, is still accessible, and I dug a number of sections, only 
to find that the whole of the remaining material has been disturbed, 
or at any rate is unreliable. In the course of this work a striated 
quartzite-boulder was found, much waterworn; but we have already 
seen at Handborough and at Chadlington that such a discovery 
has no great significance. 

We must rely on previous records of Peartree Hill. A. M. Bell 
reported a wolf’s tooth from the pit (16), somewhat doubtfully 
perhaps; also he saw a section showing a confused irony gravel 
driven into the Oxford Clay in tongue-shaped masses. The latter 
are difficult to explain; the confusion may have been brought 
about by the conditions obtaining when the warp sands were 
formed. 

Lastly, a flake and a broken point were found here; the point 
was well worked, slightly worn, and ochreous. These are probably 
of Chellean age; similar specimens occur in the gravel at Wolver- 
cote. 

If, then, we classify the deposit as Plateau Drift, we imply the 
presence in that deposit of vertebrate remains and implements ; 
instead, we may regard Peartree Hill merely as a detached portion 
of the Wolvercote Terrace. 


Wolvercote Channel.—Previous accounts of the deposits at 
Wolvercote are to be found in the published writings of Prof. 
W. J. Sollas (17) and of the late A. M. Bell (18); but it must be 
remembered that the face of the pit changes year by year as 
digging proceeds: the account here given refers primarily to the 
face exposed during the years 1921-1928, although I have known 
the exposure since early in 1919. 

The following are the deposits concerned, in order of deposition :— 


(1) Gravels of the Wolvercote Terrace, ravined, but preserved on the 
flanks of the channel. 

(2) Potholes filled with calcareous gravel, occurring chiefly on the flank 
of the stream, and not clearly seen under the deepest part of the 
channel where it rests directly upon the Oxford Clay. 

(3) Fine irony, calcareous gravel. 

(A) Egan of hard pan resting on the fine gravel, and capping the pot- 

oles. 

(5) Fine shelly sand, capped by sandy gravel in one place. 

(6) An upper layer of pan. 

(Above this lay the peat-bed, now missing, described by A. M. Bell.) 

(7) Upper Clays—a great thickness of evenly deposited silt, the bedding 
of which conforms to the slope of the channel from side to side. 

(8) Warp sands driven into the underlying clay. 

(9) Surface soil. 


The level of the base of the Channel is 223 feet O0.D.*; of the ground- 


surface 2413 feet O.D.*; of the Thames at its nearest point 186 feet O.D.* 


Each deposit will be taken in turn, and reference should be made 


part 2] RIVER-GRAVELS OF THE OXFORD DISTRICT. 1338 


to the section shown in fig. 9. In order to settle finally the details 
of the stratigraphy of this well-known exposure, and to provide a 
basis for exact work I prepared a section, building it wp by minor 
sections taken at intervals of 
2 yards or sometimes of 1 yard, 
ona vertical and horizontal scale 
of 3 feet to 1 inch. 

The whole was then divided 
into l-inch squares, and every 
fresh discovery was plotted at 
once in its correct square and 
noted, 

The exposure has altered very 
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Implements are rare, and one 
in A. M. Bell’s collection (now 
in the Pitt-Rivers Museum) is 
a waterworn boucher of very 
rough pointed type with a heavy butt, roughly flaked, and of light 
ochreous patina: it has been examined by the Abbé Breuil, and 
declared to be of Chellean type. 
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The base of the gravel at Wolvercote, as at Peartree Hill, is 
furrowed, a feature which thus seems to be common to the base ot 
the gravels of this stage and not superinduced upon them, unless 
by subterranean drainage. 


(2 & 8) Potholes and calcareous gravel.—The ‘ pot- 
holes’ lie under the channel, especially on the eastern bank : I have 
not seen them on the western side; but, in excavating part of the 
bottom of the channel, I found a sharply undulating surface of 
Oxford Clay. 


Fig. 10.—Swirl-holes at the bottom of the Wolvercote Channel 
basement gravel. 


It is difficult to explain their origin: a horizontal strip of the 
bank of the stream, which has been cleared of gravel, shows the 
underlying clay to be pitted with them like heavily shelled battle- 
ground (fig. 10). Observation leads one to think that the channel 
is running in general from north-east to south-west; but on the 
east side of the pit it is turning southwards, and on the present 
east-and-west face it is turning from south to west, flowing at an 
angle of about 35° south of west; another small branch seems to 
be coming in from the north. If this turning be true, it mi ht 
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have set up swirling eddies on the side of the channel on which the 
current impinged and back-currents on the slack side; this may 
account for the swirl-holes (as they may well be called) ! now on 
the east side of the present east-and-west section, and on the north 
side of a disused section at right angles to it and meeting it at its 
eastern end. 

The swirl-holes filled with caleareous gravel, and the few inches 
of calcareous gravel which cover them, have provided nearly all 
the specimens known from Wolvercote: bones, teeth, and imple- 
ments. ‘The caleareous gravel in and above the swirl-holes seems 
to be of the same period of deposition; it contains numerous big 
quartzite-pebbles at its base. 

Of the vertebrate remains the following are known :— 


Elephas antiquus (swirl-hole) ; molar. 

Rhinoceros sp.; part of pelvis. 

Cervus elaphus (swirl-holes and gravel); many antlers and bones of very 
large individuals. 

Bos primigenius (swirl-hole and gravel) ; bones. 

Bison priscus (2?) (swirl-hole); tooth. 

Equus caballus (swirl-hole and gravel); teeth with a simple molar pattern, 
and bones. 


Implements: These are of varied types, and range from much abraded 
Chellean to unworn specimens of Middle or Upper Acheulean and Micoque 
cultures. An account of them is given in Appendix II (p. 168). 


(3, 4, & 5) Upper and lower pans and shell-band.—The 
iron-pans do not appear to have been recognized before, but are 
of importance because they seal the lower deposits. Both begin at 
about the centre of the channel, and run up the eastern bank; 
they cannot be traced accurately on the west side. 

Starting as iron-staining, they pass to a gravel which, as it 
approaches the left bank, becomes a hard cemented stone: the two 
pans then meet and pass on together to cap the swirl-holes and to 
seal under them the calcareous gravels. Here the lower half of 
the pan (= lower pan of the centre of the channel?) has gone 
a stage farther, and we have an ironstone of metasomatically 
replaced Oolite pebbles. Perhaps so advanced a stage is not 
frequently seen in river-deposits. 

In the lower pan, near the junction, was found a large boucher, 
little worn, of Lower or Middle Acheulean type. 

Former collectors at Wolvercote seem to have made little or no 
record of their implements in regard to depth or bed, but the late 
A. M. Bell found that the upper clays were barren, which relegates 
all the implements te the pans or below them: in going over the 
collection one can pick out numerous specimens that are heavily 
iron-stained or encrusted, and it is possible that these came from 
one or other of the iron pans now exposed. Further work might 
even show differentiation of implements on these lines; of the 


1 The term applied to them by Mr. C. J. Bayzand, B.A., of the Oxford 
University Museum. 
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(Upper Acheulean) slipper-shaped implements, though only thirteen 
are known to me, six are iron-stained. For the present, no further 
comment is desirable on this score; but it affords a clue well worth 
following, as year by year excavation proceeds. 

Between the two pans lie shelly sands,! and cutting across them 
a very small rill filled with heavy clay containing land shells and 
black specks of decomposed organic matter. The rill may be as 
late as, but not later than, the upper pan, and the land shells are 
the same as those found in the sands. 

The only mammalian remains that I have found in this bed are 
of Cervus elaphus (small) and horse with molars of complex 
enamel-folding comparable to the modern species. 

Above the upper pan (that is, at the base of the upper clays) lay 
Bell’s ‘peat-bed’. The plants and mosses recognized indicate a 
temperate climate, and agree with the ‘interglacial’ forms of 
Mr. Clement Reid; but two mosses (Lhuddiwm decipiens de Not 
and Hypnum capillifolium) are now foreign to the region, the 
former being found in Britain only in damp places in the Scottish 
Highlands, the latter no nearer than Siberia and Central and 
Northern Europe. 


The remains of beetles were mentioned by Bell, but were not 


identified. In searching the Museum I discovered a few of these, 
and submitted them to Prof. E. B. Poulton: they have proved to 
be of unexpected interest. Prof. Poulton brought them before the 
Entomological Society, after showing them to Mr. K. G. Blair, 
of the British Museum (original identifications and deductions as 
published in Proce. Ent. Soc. Lond. 1923, p. xv, considerably 
altered on further study). They are classified provisionally as 
follows (20) :— 


Phytophaga: (1) Donacia simplex (?). Fragment of elytron. [A form 
which indicates marshy conditions. | 


Carabide: | (2) Harpalus dimidiatus Rossi. Fragment of elytron. 
: (3) Synuchus nivalis Pz. Do. do. 
(4) Patrobus assimilis Chaud. Do. do. 


(5) PGenus. Unrecognizable fragment of heavily punctured 
chitin, possibly from prothorax. 
Curculionide: (6) Otiorhynchus ligustici L. Fragment of elytron with 
highly characteristic pustulose sculpture. 


Mr. Blair states that these forms are not appreciably older than 
those known from Pleistocene deposits of the Dogger Bank and of 
the Irish peat-bogs, the fragments where recognized being nearly 
all referable with a tolerable degree of certainty to still existing 
species. In turn, the remains can be dated as of late Acheulean, 


possibly early Mousterian, age. . 


(7) Upper Clays.—Until recently these have proved entirely 
barren: I have found one fragment of rolled bone, too small to be 
identified, which one is inclined to think has been pointed by hand ; 


1 See Appendix TII, p. 170. 
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but, in the absence of other specimens, and in view of the rolled 
condition of the specimen, it is not desirable to force the suggestion. 
Much more important was the discovery of a good flake and a 
trimmed seraper, the former 44 feet, the latter 9 feet from the 
surface. The latter is triangular, with a flat base, showing a 
portion of the bulb and well-developed érailleur; the upper surface 
still carries crust, but has been flaked on all three edges. Part of 
the striking platform remains: it has, however, been damaged 
at a much later date. The implement has been struck from a 
core; its patina is creamy white, with traces of ‘basketwork’; and 
the whole character of the specimen suggests Mousterian work- 
manship. 

The upper clays are heavy and silt-like, about 14 feet thick in 
the centre of the channel; at the base they conform to the bedding 
of the underlying deposits, while at the top they are strongly 
disturbed by the warp. They fill the channel completely to the 
brim of the banks, and represent a silting-up stage in a backwater 
or an overflow deposit of flood seasons. They are not ravined. 

The shelly sands, capped in one place by fine gravel, have been 
strongly ravined; but once the clay started to form, there seems 
to have been no such strong scouring action: the clay is finely 
bedded, and banded with alternate oxidized and unoxidized layers, 
often only a few millimetres thick. 

The fauna and flora seem to indicate decreasing warmth of 
climate. 


The Warp Sands.—These are coarse, bright brown sands 
lying unevenly on the upper clays. They are barren of fauna, and 
implements found in them are almost certainly incorporated from 
the surface, or are derived specimens: no culture can yet be attri- 
buted to them. They have already been described under the 
Wolvercote Terrace deposits. A glaciated boulder, somewhat 
waterworn, was found by Prof. W. J. Sollas some years ago; but 
this, like others below the level of the Handborough Terrace, is 
probably derived. If a glacier possessed of the power that a 
striated boulder suggests had laid down the warp, the soft water- 
logged underlying clays would assuredly have been swept away, or 
at least far more strongly disturbed than they are, and many 
other traces of its passing would have been left in the valley. 

That the warp is a deposit indicating a wet, cold climate there is 
little doubt (21), and I am also of the opinion that it is entirely 
of land origin, not fluviatile. 

Its junction with the clay is contorted, and masses are driven 
down into the latter: balls of sand are found in the clay which 
could hardly have been forced in, unless they were cemented into 
a hard lump, as they would be by ice or snow. The clay is dis- 
turbed and forced up between the downward-thrust tongues of the 
warp. The whole is superficial: the warp sands have a maximum 
thickness over the channel of about 5 feet, and disturbance occurs 
toa depth of about 2 feet into the clays below; but the whole 
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passes only a foot or so lower than the gravel-bank of the 
channel. 

It is difficult to account for a glacier in the Thames Valley at 
this time. A simple, and perhaps therefore more reliable, solution 
seems to be that given for rather similar deposits in other areas— 
a sludgy mass of frozen soil and snow, solid in winter, liquid or 
even dried up in summer, moving at times over the hard surface. 

In the high terrace of the Handborough stage disturbance of 
the superficial layers, with pebbles standing vertical, has been 
noticed: perhaps this is due to similar and contemporary agents. 
In the Summertown-Radley Terrace I have seen no warp sands: 
‘solution ’-festoons are common. The Wolvercote Terrace was 
seen cut off sharply, but the warp sand was not identified in the 
section at the Roman Catholic Chapel. It cannot be proved con- 
clusively that the warp sand is limited to capping deposits of the 
age and level of the Wolvereote Channel, although such would 
naturally be the inference deduced from its non-appearance on later 
gravels. 

Mr. k. C. Spiller (Appendix IV, p. 176) has carried out some 
valuable mineral analyses of (1) the Oxford Clay; (2) the silts 
of the Wolvercote Channel; and (3) the warp sands of the Wolver- 
cote Channel. From these it is clear that :— 


(1) The warp has been derived from adjoining gravel and from under- 
lying silts of the channel, and differs from the latter mainly by 
the removal of most of the clay, leaving a heavy and sharp irony 
sand. 


(2) Neither the warp nor the silt below it can have been derived entirely 
from the erosion and natural panning of Oxford Clay. The silt 
represents the scouring of a much more varied area from a petro- 
logical point of view: that is, the local rocks and the capping of 
Plateau Drifts, which have been seen from the pebbles alone to be 
very complex. 


The Summertown- Radley Terrace. 


The so-called ‘Second’ Terrace is by far the most extensive, 
and wide tracts of fat land bordering the river have been built up 
by the waters when they stood about 20 feet above their present 
evel. 

Gravels of this terrace are calcareous throughout, but tend to 
be coarser and more ferruginous towards the base. 

Exposures are numerous, though continual watching is necessary 
to get useful material from them. A considerable amount of material 
has, however, come into the University Museum, Oxford, through 
temporary exposures, and it is fortunate that records of depth have 
been preserved in many cases. These occasional discoveries will 
not be dealt with here, but in a tabular analysis of the fauna (see 
Appendix I, p. 166). 

An account will be given here of the more striking exposures 
which have been under observation for some time. Among 
previous records, reference may be made to Sir Joseph Prestwich’s 
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paper (22) and to the {Geological Survey Memoir of 1908, where 
will be found such other references as there are to Oxford gravels. 


Fig. 11.—Summertown-Radley (20-foot) Terrace at Hynsham 
(pit 50 yards south of the railway-station) ; section showing 
Hippopotamus gravel capped by much later sand and gravel. 
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One of the most important observations to be made is that 
Mammoth teeth, which are extremely abundant in this terrace, are 
confined apparently to within a foot or so of the base of the gravel, 
often resting in or upon the Oxford Clay. Teeth, which have been 
found during the progress of my work, have been so placed, and so 
has every tooth of which record is preserved. The same applies to 
remains of Rhinoceros tichorhinus: they accompany the Mam- 
moth; but of Reindeer I have found no trace anywhere in the 
terrace, nor indeed in any terrace in the area, nor are any reindeer 
remains from a gravel-deposit preserved in the Oxford University 
Museum. The terrace thus marks the incoming of the ‘ Northern 
fauna’ without reindeer. 

The next point that attracted the closest attention was the 
discovery of Corbicula fluminalis in a few pits, always about mid- 
way up the pit-face and above the Mammoth zone. With these 
two horizons in mind I made an exhaustive study of the available 
material, and of all incoming specimens found by workmen and by 
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myself. It was ascertained that the rest of the mollusca and 
mammalia group themselves about one or other of these zones, so 
that the existence of the warm climate believed to be required 
by Corbicula fluminalis has been confirmed by the discovery of 
Hippopotamus and other warmth-loving animals in the same zone. 

Next, careful observation was made of all sections, in order to 
ascertain whether two series of gravels are represented in the same 
terrace, and this was found to be the case. ‘There is an older base- 
gravel with Mammoth and woolly Rhinoceros, and a newer upper 
gravel which contains the typical warm group of animals and all 
the mollusca yet found. Hippopotamus is reported once only 
from the base of the gravel with Mammoth and Rhznoceros 
tichorhinus; this is at Iffley, and reference will shortly be made 
to it. Often the one gravel passes into the other, without any 
noticeable break or ravinement; sometimes the lower gravel seems 
to have been re-sorted by the waters which deposited the newer, 
and so the junction was lost (see Webb’s Pit, Summertown). In 
some cases, apparently, the newer gravel only is represented: either 
the whole of the older has been scoured out, or the newer has 
overlapped the ground occupied by the older, and has been Jaid 
down directly on the Oxford Clay beyond it (probably the case at 
the now disused and obscured Wytham pits, in which H/ephas 
antiquus, Hippopotamus, and Rhinoceros leptorhinus have been 
found). 

Thus it is not impossible that Mammoth-remains may in due 
course be found higher in the gravel than at present observed, and 
Corbicula and Hippopotamns lower. 

There are seemingly no means now of gauging the original depth 
of the older gravels; but, although ravining has taken place, there 
is no evidence of a long break between the dates of the two 
deposits, and the conditions of deposition are the same for both: 
that of a fast-running stream; no alluvial stage of either gravel is 
preserved, for there are no brick-earths or sluggish-water deposits. 

The average depth of the Summertown-Radley gravel may be 
taken as 10 feet, but thicknesses of 15 feet are known. 

It should be noted that the gravels of the terrace are trenched 
by later and recent stream-beds, as might be expected, and some 
very fine gravel (false-bedded) seen in a pit near the river at 
Eynsham Station points to a considerable deposit. No animal 
remains have been identified from this gravel; but probably it is of 
much later date than the rest, in which the remains of Hippo- 
potamus are unusually prolific, and in which a ramus of Cervus 
megaceros—a unique specimen—was found. 


Eynsham.—At the top are about 3 feet of fine pebbly sand and 
gravel, false bedded, from which no bones have yet been identified, 
but which is probably of much later date than the underlying 
gravels: these are noteworthy for the very common occurrence of 
remains of Hippopotamus, and they have yielded a ramus of the 
jaw of Cervus megaceros, a rather unexpected fossil and unique 
in the district. 
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Below the Hippopotamus gravel doubtless lies the Mammoth 
gravel: but so far no recognizable bones have been recovered. It 
should be said that the section, with its mammalia and mollusea 
(see Appendices), is typical of the Summertown-Radley Terrace.! 


Fig. 12.—Summertown-Radley (20-foot) Terrace, at Webb's Pit 
(south-eastern corner), Summertown ; typical section showing 
Mammoth gravel at the base, and gravel with Corbicula 
fluminalis resting upon it : no well-marked junction. 
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Summertown.—The section is ina very large clay-pit known 
as Webb’s Pit, Summertown, where 10 feet of gravel are exposed: 
the base is seen to be even and unpitted, and to contain numerous 
large quartzite-pebbles. 


1 Since this was written many more remains of Hippopotamus have been 
discovered in the ‘warm’ gravel; in the basement gravel one tooth of 
Mammoth and fragments of another have been found resting on the Oxford 
Clay, and three more are reported from a similar position. This makes the 
pit one of the most important in the district. 
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At 9 feet Mammoth teeth have been found: a complete milk- 
molar (or first true molar) and fragments of two others; a tooth 
of horse is reported from the same level, as also remains of Bos. 
At about 43 feet I have found valves of Corbicula fluminalis : 
these were probably odd specimens washed from the more sandy 
beds seen by Prestwich (22) at St. Edward’s School near by, where 
they were prolific and in the position of growth. 

Bos ct. primigenius is also known from this level: Corbicula 
occurs in another pit near by, at the same level (near the Pavilion 
of the St. Edward’s School playing fields). 

No marked division between the two gravels is shown, the upper 
part (down to the Corbicula horizon) is ‘festooned’ by solution- 
formations; but about a foot of gravel remains above, still lying 
horizontal—an interesting feature. In one corner the gravels 
above the Corbicula horizon give place to false-bedded sands. 

One implement is known from Webb’s Pit, but was not seen 
tn situ: it is a pointed boucher, slightly worn, of Chellean type. 

The following implements are also known from the spread of 
gravel from Summertown to Oxford,! and have been seen by Prof. 
Breuil in the University Museum collection (Oxford) :— 


(1) Chellean boucher, deeply ochreous, worn. 
(2) Upper Chellean boucher, yellow-ochre, worn. 
(Both from the Girls’ High School.) 

(3) Upper Chellean or Lower Acheulean boucher, black and shiny, little 
worn, from the foundation of the Examination Schools. 

(4) Late Upper Chellean boucher, brown and white, with ‘ basketwork’ 
patina, somewhat worn, from near Marston Ferry [Hawkins’s 
implement} (24). 

(5) Late Chellean boucher, brown and iron-stained, worn, found in the 
University Park. 


Magdalen College Grove.—tThis is probably the most in- 
structive section as yet opened. It lies low, the base being only 
about 12 feet above the Cherwell at its nearest point. 

At the base is a gravel which is laden with bones, tusk, and 
teeth of mammoth (including several true molars, some much 
worn, several milk-teeth, and the lower jaw of a very young 
individual): it is a charnel-house of elephant-remains. On one 
side (east) it rises to a height of about 4 feet, on the other only 
about 18 inches remain: it is, in fact, strongly ravined. On the 
west, north, and south sides of the pit, resting upon the elephant- 
bed, lies a cemented shell-band about 12 inches thick, from which 
large specimens of Corbicula Jluminalis with valves united, in the 
position of growth, are abundant. Numerous other genera and 
species are represented, including a large bivalve, which has proved 
ues difficult to extract, despite the application of preservatives in 
the pit. 


1 Manning Notes:—Lonsdale Road, Summertown: at 7 feet a skull of 
Cave Lion was found; 3 feet below it, a long, pointed plano-convex paleolith 
slightly patinated and worn, : 


—— 
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of Mammoth teeth have been found, of which some are preserved 
in the Radley College Museum. In the upper gravel a mass of 
heavy iron- and lime-cemented gravel, rounded, about 18 inches 
in diameter, has been seen, and is believed to be a piece of the old 
gravel torn from its bed and redeposited as a boulder in the newer 
deposits. 

The junction of new and old gravels is scarcely noticeable. 

The pit-bottom is filled with rubble to a little above winter 
water-level: this is advantageous, in that only a part of the 
deposit is worked at a time. At the present moment it is that 
part which I classify as newer gravel: therefore, the warm-climate 
fauna should be found. Such has been the case, for, as the result 
of over two years of fairly vigorous working, Hippopotamus, 
Felis leo spelea, and Corbicula fluminalis (worn specimen) have 
been obtained. The Cave Lion, it should be stated, was found 
some years ago; but its level has been ascertained. 

The list of mollusca from the pit is a long one: again all came 
from the upper gravels; nearly all are in the position of growth 
(although in a coarse gravel), including Pis¢diwm amnicum, which 
invariably is found with the valves intact. The possibility of 
mollusea living, and of being preserved, in such a deposit is greater 
than one might have supposed. 


A large pit, about a mile away on the Abingdon Road, which 
has not yielded a single shell and only one recognizable mammalian 
remain (tooth of Hguus), has, on the other hand, produced two 
implements. These were found by the workmen, and are in the 
possession of Mr. Dalmaine, of Abingdon. Mr. R. A. Smith has 
described and figured them (26): they are of Lower Paleolithic 
type (Acheulean). I regret that it has not proved opportune for 
me to examine these implements. ‘ Race’ is particularly abundant 
in this pit. 

In gravels belonging to the same terrace, at Drayton by 
Abingdon, a very large tooth of Mammoth and a tooth of Equus 
were found at the junction of the gravel and the underlying clay : 
the gravels above have been ravined and re-sorted. I found in 
this pit, unfortunately not én situ, a large boucher, coarsely flaked, 
a little worn and polished, of Chellean type. The point is chisel- 
shaped, either by intent or by an accidental blow, before or during 
its incorporation in the gravel. 


Farther down the stream, at Cholsey Cross Roads, two specimens 
of Corbicula fluminalis were recovered from a well-digging. A 
thickness of 22 feet of gravel was proved here, but it is unknown 
at what level the shells were reached. Base of gravel at 
168 feet O.D. River at the nearest point, 139°6 feet O.D.? 


1 The same system is used in the Hynsham pits ; when this paper was 
written I had obtained nothing from the lower grayel (except possibly Cervus 
megaceros). Subsequently Elephas primigenius has been found. 

* These levels were given to me by the Rey. Charles Overy. 


a 


es 
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Prof. H. L. Hawkins, at a recent meeting of the Geological 
Society, showed teeth of Rhinoceros tichorhinus, which he stated 
were from a gravel at Aston Tirrold, not more than 20 feet above 
the present river-level; it is reasonable to suggest that the Aston 
gravel is of the same stage as the Oxford terrace at a similar 
level, also yielding Rhinoceros tichorhinus (27). 


Iffley Road Exposure. 


_ This is the pit designated by A. M. Bell (16) as implement- 
iferous ; Mr. R. W. Pocock was inclined to think that it belonged 
to the first (lower flood-plain) terrace (18); but, by its fauna, it 
belongs to the Summertown-Radley Terrace, although by its level 
it comes into the range of both terraces. 


The pit was recently reopened! The level was found by an 
Abney level, and checked by the Rey. Charles Overy and myself 
with a Dumpy. 


Peet 
River-level opposite exposure .............0..00005 179 O.D.* 
MORO era Clem tenement (niict eco anote 1G ORIDS. 


(2 feet of made gravel were ignored.) 
Hence the top of the gravel is 14 feet above the normal river-level. 


A thickness of 14 feet of gravel has been proved, which brings 
the base exactly to present river-level. The bottom of the gravel 
is usually waterlogged; but it has been dredged, and two very fine 
sets of teeth of Rhinoceros tichorhinus, fresh and unworn, were 
recovered: nearly all of these still bear traces of Oxford Clay. 
Mammoth was also found. Some years ago, the bottom of the 
pit was open to examination, and it is here that the implements 
lay (28). <A large number of very ochreous and much waterworn 
implements were obtained, as also a number of less worn, slightly 
ochreous, patinated specimens, apparently of Chellean type. With 
these were wide flat flakes, some trimmed down one edge, which 
have been regarded as of the same age. It is to be regretted that, 
so far, the whereabouts of most of these implements is still un- 
known to me; but, in the Pitt-Rivers Museum, Mr. H. Balfour 
has a large boucher with rounded point of heavy grey flint, some- 
what ochreous, very slightly worn, which measures 6x38 x15 
inches, and is labelled as from a depth of 12 feet: I take it to be 
a well-developed Chellean specimen. The whole series, if brought 
to light again, should prove of considerable interest. Some of the 
implements were embedded in the underlying Oxford Clay. The 
broad-trimmed flakes of Mr. Manning’s account are noteworthy, 
and their rediscovery might throw interesting light on the 


exposure, 


1 Tt is situated between New Iffley Lane and Fairacres Road, between the 
Fairacres housing estate and the Thames; about 50 yards from the former 
and 300 yards from the latter. 

Q. J.G.8. No. 318. L 
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I have found a large unworn molar of Hippopotamus at a depth 
of 62 feet, under 42 feet of undisturbed gravel. A fragment of 
tusk of Hippopotamus from the bottom is also mentioned by 
Mr. Manning in his Notes, with Horse and Red Deer, and with 
Mammoth and Woolly Rhinoceros. ‘There is no reason to doubt 
the statements of so keen an observer; but it should be remembered 
that apparently all the specimens were dredged, not picked out 
by hand. Hippopotamus reached its maximum development in 
this part of the river during the deposition of the upper part of 
the terrace. 

Here, then, we have the normal Summertown- Radley succession, 
but at a lower level than usual. At the outset, the following 
explanation is offered: the deposit lies at a former confluence of 
the Cherwell with the Isis and near the centre of the channel, not 
the side. The site is at the entrance of the gorge of the Isis 
through the Corallian and Portland escarpment, which at the time 
doubtless lay a little farther north than it does now. The present 
river falls very rapidly through this gorge between Iffley Lock and 
Abingdon: thus, the fall at Sandford Lock between these two 
places is the greatest on the river between Cricklade and Richmond. 
It seems probable, then, that the river during the epoch of the 
Summertown-Radley Terrace fell as rapidly between Oxford and 
Abingdon as it does now. Mr. Pocock called attention to the 
great fall in the Handborough Terrace between Lower Hand- 
borough and Radley, and we shall meet the same phenomenon in 
dealing with the lower flood-plain gravels and the sub-channel. 

The diagram of the terraces given by Dewey & Smith (6) 
shows the same rapid falls of the High Terrace near Boyne Hill, 
and of the Taplow and upper flood-plain terrace between Windsor 
and Staines. 

I prefer, then, to classify the Iffley deposit with the Summertown- 
Radley gravels, on the evidence provided by the fauna and the 
level. 

There is another point: Mr. Pocock, in the Geological Survey 
Memoir (p. 87), gives the depths of the gravels from Magdalen 
Bridge (in Oxford) to Iffley; when these are traced, they are 
found to thicken towards the Thames and Cherwell (that is, south- 
wards and westwards), and they thin northwards and eastwards, so 
from the site at Iffley the gravel should thin northwards. A recent 
road alteration about 100 yards north-east of the pit showed ‘runs’ 
and pockets of gravel in the Oxford Clay ; here was the river-bank, 
and the pit is situated at or near the centre of the river-bed. 


There are two other sites known to me which seem to fall into 
the same category. One lies at the point of confluence of the 
Evenlode with the Isis at Cassington (pit behind the Bell Inn), 
and, as with the Ifley pit, this location may be significant; but 
the second site is in Oxford itself, and was proved in a boring the 


record of which Mr. Pocock published in the Geological Survey 
Memoir. 
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Cassington. 


The surface of the pit stands at 220 feet O.D.; 18 feet of 
gravel, unbottomed, are known, so that the base is certainly as 
low as 202 feet O.D. The Isis at its nearest point is at 
190 feet O.D., and the Evenlode flows near by at a little below 200 
feet O.D. 

We have here, then, a deposit reaching to the level of the base 
of the Summertown-Radley Terrace, and possibly continued below 
the present-river level. The gravel is calcareous and well stratified ; 
the top is finely false-bedded. No fauna has yet been discovered. 

But the base has been proved to rise from the unusual depth of 
18 feet or more in a steep slope on the southern side of the deep 
channel, and to regain its normal depth of 12 feet: the gravel is 
cut off sharply by the present river flood-plain about 20 yards 
farther south. On the north of the deep portion the same process 
is known to take place: that is, the gravel thins out, and again is 
presented a section across the river-bed of the Summertown-Radley 
Terrace. 


Oxford City Brewery. 


(Section from the Geological Survey Memoir.) 


Surlaceslovelerem een t cas sre man ne aeceeoe nate 209 feet O.D. 
Madeisroundiandyoraivelussnnsseaee. ence aascee oe 74 feet 
Surface of the true gravel ...............cecees ees 2014 feet O.D. 
Sand and gravel, and coarse gravel ............ 17 feet 
Gravoleandycla vasa cree pie ect aatatotiacee 53 feet 

179 feet O.D. 


Level of the river at the nearest point=179 to 180 feet O.D. That is, 
the deposit descends to the present river-level, and reaches into the zone 
of the ‘Second’ Terrace, over 20 feet above river-level (if we ignore 
made ground and disturbed gravel). 

No fauna or implements reported. 


So we have :— 


Casein etontenes steers: 4-20 feet to the approximate river-level. 
Oxford (City Brewery) +21 feet Do. do. do. 
Hey: sakes: cose see +14 feet Do. do. do. 


Iffley, from its fauna, particularly the basement fauna (which is 
strongly represented), I have been inclined to classify as a central 
channel and confluence-deposit of Summertown-Radley age. The 
other two exposures are barren; but they too lie in the centre of 
the channel, and in this connexion it is interesting to note that in 
the big pit (Webb’s) at Summertown, along a face of nearly 
100 yards, running directly towards the present river, the bottom 
is still sinking gently towards the river when it is cut off by the 
clay-step to the succeeding terrace. Cassington is certainly at a 
confluence. 

Part of the explanation proposed to account for the facts at 
Iffley (that of rapid fall due to the narrowing of the Pea at 

L 


148 DR. K. 8. SANDFORD ON THE [vol. lxxx, 


the mouth of the Corallian-Portlandian gorge) is, I believe, 
sound and applicable; but it cannot be applied to the other two 
cases: they are too distant from the position of the escarpment. 
If the deposits belong to the flood-plain and sunk-channel 
period, the river at some time rose much higher than is supposed, 
and must have submerged a large part of the Summertown- 
Radley Terrace: the only evidence of this is to be seen in low- 
lying parts of the terrace at Hynsham and Drayton, where the top 
foot or so of gravel does, in patches, show some signs of re-sorting 
(not to be confused with solution phenomena and known rill-beds). 


The Flood-Plain Gravels and the Sunk Channel. 


Just as the Summertown-Radley Terrace cuts sharply across the 
foot of the Wolvercote Terrace, so the First Terrace or Flood- 
Plain Gravels lie at the foot of the Second Terrace, usually with a 
narrow clay-belt between the two. The lower terrace is rarely 
banked directly against the foot of the higher; a break and slight 
clay-step is so frequently seen that there is no doubt as to the 
lower being the later gravel, a fact which is borne out by all the 
circumstances. 

As already stated, no records of the submerged channel seem 
to have been available when Mr. Pocock wrote the Geological 
Survey Memoir on the district; it has only been by keeping a 
sharp eye open over the river-valley for a longer period than was 
available to him that I have been able to obtain some few records. 

It is impossible to deal completely with either the Flood-Plain 
Gravels or the Sunk Channel separately: they must be taken 
together. The Geological Survey Memoir (pp. 83 ef segq.) gives 
several records of thicknesses of the First Terrace gravels ; but 
these are all situated at or near the margin of the deposit, near 
the former bank of the river. hese thicknesses range up to 10 
feet. The marginal patches are cut off sharply by the alluvium, 
or overlapped by it; when sections were opened through the allu- 
vium a few feet of gravel were visible, and then either the Oxford 
Clay was reached, or the excavation was waterlogged. As usual, 
the gravels showed every sign of being a true terrace, earlier than 
the alluvium, and covered by it at the downstream end of the 
horizontal sheet-like expanses in which the latter is distributed. 

Recently, work has been carried out in the centre of the alluvial 
tracts, and, better still, by starting in ‘islands’ of First Terrace 
gravel surrounded by alluvium. 

One of the most important of these undertakings was a drainage- 
trench running along the Oxford-Abingdon Road through New 
Hinksey, as far as a track turning to the river (about 25 yards 
from | the One Mile Stone), where the trench also turned towards 
the river. For the greater part of the distance, the trench ran 
along a First Terrace ‘island’ and then passed into alluvium. 
Along the road 17 to 18 feet of fine, loose, calcareous gravel was 
met with, and the Oxford Clay was usually reached at this depth. 


eee 
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The road is almost flat, and the general surface may be taken 
as 183 to 185 feet O.D. The river runs parallel to it, about a 
quarter of a mile away to the east, at 170 feet O.D.: therefore, 


Fig. 14.—Borings in the Sunk Channel, taken across the 
river-valley, west of Oxford. 
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along the road there is a thickness of about 5 feet of gravel above 
river-level (first terrace) and 13 feet below. 

As the cutting turned towards the river, the gravel thickened 
rapidly : at about this point the alluvium, to a maximum depth of 
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3 feet, was encountered, and was seen to lie in patches on an eroded 
surface of the gravel. So soon as the road was left, the gravel was 
not bottomed at 17 feet, and about 100 yards nearer the river (at 
a cottage by the river in Long Bridge’s backwater) 20 feet of 
gravel here were passed through unbottomed. At this point, then, 
there is a sunk channel unbottomed at 15 feet below river-level. 

At the Oxford gas-works (standing on alluvium) gravel has 
been met with, and is still unbottomed at 20 feet. 

The construction of a new lock has been begun at Iffley, and here 
an estimate has been given to me! from previous experience, of 25 
to 30 feet of gravel below mean water-level (the fall of water at 
the lock is from 179-72 O.D. to 176-99 feet O.D.). 

At the new railway-bridge on the Oxford—Thame line, which 
erosses the river about a mile below Iffley Lock, caissons have been 
sunk, and nothing but Oxford Clay encountered. The gravel was 
struck, but unbottomed at 12 feet, on the Berkshire (south) side 
of the river. Here, then, the river seems to have cut into its 
northern bank, and to have deserted its former course.2 


Most interesting results were obtained in putting down test-holes 
for a new road-bridge ( Pacey’s Bridge) near Oxford Castle: records, 
to which I was allowed full access by the City Engineer and his 
staff, are reproduced in this paper: they show a maximum depth 
ot 14 feet of gravel below normal water-level. The minute details 
of the borings are readily seen by a glance at fig. 14, p. 149. 

Borings have now been made at another bridge, over a branch of 
the Thames, about three-quarters of a mile west of this site (Bul- 
stake Bridge) with very similar results (see fig. 14). 


Lastly, an interesting section is to be seen at Drayton, near 
Abingdon :—the second terrace, already mentioned, a clay-step of 
6 to 10 feet, with a line of springs thrown out from the base of the 
gravel; then, at the bottom of the step, a maximum of 14 feet 
of First Terrace gravel, only a couple of feet above river-level. 
Another line of springs follows, thrown out at the junction of the 
lower gravel with the alluvium which overlaps it, and stretches 
away to the river. I have worked out fig. 15 (p. 151) to scale, 
after levelling and measuring the ground. 


The above records are quite sufficient to establish two points :— 


(1) The presence of a sunk channel, deepening downstream. 

(2) The fact that the sunk-channel gravels and the so-called First 
Terrace are continuous: if the marginal First Terrace gravels 
were earlier than the sunk channel, then, after this channel was 
filled, the river must have risen to the level of the First Terrace, 
to account for the Abingdon Road deposits. This is not impossible ; 


1 By the kindness of Mr. E. Burnard, District Superintendent of the 
Thames Conservancy Board. 


* So in the Cherwell at the University Park: 20 feet of silt reported below 
the eastern bank. 


ee 
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but, on the other hand, the whole of the First Terrace may belong 
to the same epoch and indicate that the river, after scouring out 
a very deep and probably narrow channel, filled it up again and 
deposited material to a height of 10 feet above its present level. 
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Possibly, therefore, the oldest gravel after that of the Summer- 
town-Radley Terrace is to be found at the base of the sunk 
channel (29). 
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The last phase of the activity of the river is one of erosion 
approximately to its present level, and the deposition of the 
alluvium. The alluvium is most clearly described by Mr. Pocock 
in the Geological Survey Memoir, and it has not been my special 


study. 
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Numerous remains have been found in the river and its back- 
waters during dredging operations; but the value of specimens so 
obtained is not great: they include a molar of Lhinoceros 
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tichorhinus from Folly Bridge, very ochreous and much rolled 
Chellean implements from the North Hinksey backwater and from 
the river at Cassington. A magnificent molar of Elephas primi- 
genius, however, is exhibited in the Oxford University Museum, 
and bears an old marking in pencil ‘bed of Cherwell’; it is 
little worn, and shows traces of blue clay. 

Beneath Christ Church Meadows (alluvium), and at or near the 
top of the underlying gravel, antlers of Cervus elaphus were found, 
and A. M. Bell reported a skull of Hippopotamus from beneath 
the same meadows (30). I have been unable to find the specimen, 
but such an object is hardly open to faulty identification. The 
anomaly which this discovery presents will be discussed further, 
at a later stage of the present paper. 

With the information supplied by the two borings for the Botley 
Road bridges, as also by the City Brewery boring, and with the 
body of observations already made, it is possible to draw an 
instructive section across the Thames Valley at Oxford (fig. 16, 
p. 152). 


IU]. River Hisrory, Crrmare, AND CHRONOLOGY. 


The foregoing discussion and analyses have presented the facts 
with sufficient clearness, as I believe them to be revealed in the 
Oxford district: it remains to discover the climatic and other 
conditions in relation to the chronological order of the deposit. 


Plateau Drift. 


On direct geological evidence, or by inference from the contents 
of the High Terrace gravels, and later deposits (that is, derived and 
waterworn erratics, some of them ice-scratched, found with such 
animals as Hlephas antiquus), it seems impossible to escape the 
conclusion that the oldest deposit with which we have to deal is of 
glacial origin. I refer to the Plateau Drift, which lies at and 
about 140 feet above the stream, reaching 160 feet and descending 
at least to 100 feet. I believe that this deposit was formed under 
the severest climatic conditions experienced in the area, rivalled 
only by the higher deposits of Pickett’s Heath, which may indeed 
belong to the same chronological phase. 

The significance of this conclusion is obvious, for it places in 
point of time a glacial stage between the period of the High 
Terrace and the Pliocene. The exact age of the drifts it is almost 
impossible to deduce; they may representa Pliocene period of cold, 
or they may have been deposited at or after the close of that epoch. 
It is difficult even to determine whether they are the tumbled 
remains of a once coarsely-bedded boulder-and-pebble gravel, or 
whether they were deposited in their present tumultuous condition. 
The fact remains that, before the deposition of the High Terrace, 
there was a period of severe climate which must almost certainly 
have broken the faunal sequence between a part or the whole of 
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the Pliocene and the succeeding early Pleistocene High Terrace 
(31). There is no trace in the valleys of any subsequent period of 
such severe climatic conditions. 


Handborough Terrace. 


The High Terrace follows, lying about 100 feet above the rivers 
of the present day, containing a remarkable series of elephants 
ranging from Elephas antiquus of archaic character to Klephas 
trogontherii; also Rhinoceros megarhinus (or leptorhinus), the 
first and third being characteristically warmth-loving forms which 
became extinct, or left the country as the climate became more 
severe, towards the close of the terrace period of the Thames (32). 

I feel fully justified, from the evidence and analogy with other 
areas, in assuming that the fauna of the Handborough or High 
Terrace indicates a period of warm climatic conditions. No 
implements have yet been found; but, from the evidence provided 
by other parts of the Thames Basin, Chellean and some Acheulean 
forms might well be expected (33). 

The Handborough Terrace lies little below the Plateau Drifts : 
in fact, there is evidence that it lies within the range of these 
deposits; but, in the time which followed the completion and 
desertion of the High Terrace, interesting events took place. 


Wolvercote Terrace. 


Judging by the Evenlode and Cherwell valleys, the streams had 
settled into regularly meandering courses, suggesting that (at the 
close of High Terrace time) the rivers had reached an advanced 
stage of their development (34). Rejuvenation now set in, and 
the Evenlode and Cherwell were unable to break from their old 
channels. Indeed, they have never done so, but have carved for 
themselves magnificent meandering gorges now nearly 100 feet 
deep. 

The rejuvenation of the streams led to a deepening of the valleys, 
to the extent of about 50 feet. The climatic conditions during 
the very long time which this great excavation must have occupied 
cannot be deduced with certainty. There is no conclusive evidence 
of another glacial stage. 

Unfortunately, in the gravels which mark the halt in the valley 
excavation no fauna has been discovered; they contain rolled 
Chellean implements, and there are remarkable features of strati- 
graphy the significance of which is not fully understood. 


Wolvercote Channel. 


At the bottom of the Wolvereote Channel we pick up the 
sequence of events again: here occurs Elephas antiquus, though 
rarely, with large specimens of Red Deer and other animals of 
wider, or less certain, climatic range. With the bones are found 
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implements of Middle and Upper Acheulean and Micoque type, 
some unrolled. 

The period which is represented by the infilling of the channel 
is of especial interest—if we judge by the channel alone, the rivers 
were reaching a stage of maturity and slow aggradation; but 
evidence cannot be taken as conclusive on this point, as the channel 
may have been merely a backwater which was silting up. 

Above the gravel already mentioned is an iron ‘pan’, which 
was formed at a time of stagnant water, or of non-deposition on 
the stream-bed. 

Shelly sands, clean and false-bedded, follow, and are capped by 
fine gravel: a rapidly flowing stream must have occupied the 
channel. The shells indicate neither marked warmth nor cold, 
Corbicula fluminalis is missing, and the whole assemblage can 
only be deseribed as generally of temperate character. ‘lhe scanty 
remains of Cervus elaphus which are found here are of small size, 
and the very few teeth of Hguwus do not exhibit the unusually 
simple character of the specimens from the basement gravel. 

Much of the gravel and sand was swept away, and another pan 
caps the relics of both; above it was deposited a peat-bed at the 
bottom of a running stream. The plants and mosses are of species 
characteristic of a temperate climate, but two of them are known 
only from cold regions (one from the North-West of Scotland, the 

other from Siberia). This, indeed, suggests a cold to temperate 
climate. There followed a period of quiet infilling of the channel 
with mud and silt to a depth of about 12 feet, which closed the 
fluviatile stage of Wolvercote. In the silt has been found a small 
flint-implement, which may well be of Mousterian age. 

The deposits of the Wolvercote Channel seems to bear record of 
aggradation and of a climate which was becoming less warm and 
equable. 

The Wolvercote plateau is capped by warp sands which are 
generally considered to be a terrestrial deposit formed during a 
period of very moist and probably frigid climate; the evidence 
at Wolvercote bears out such an interpretation. 

Similar sands have not been revealed on the Summertown-Radley 
Terrace, although careful search has been made for them; their 
absence may be accidental; but, when they are so strongly marked 
on a small plateau, their presence might well have been expected on 
the much greater area of the Terrace. The natural conclusion is 
that the sands are older than the lower terrace: and, within the 
area, nothing so far has been seen to shake this opinion, but I shall 
refer to the suggestion again later. 

If the warp sands which cap the mud and clay of the Wolvercote 
Channel are correctly considered to be of greater age than the 
Summertown Terrace, then the climatic change already noted is 
continued in these terrestrial deposits. ‘The warp might then be 
considered to have been formed while the river was lowering its bed 
to find its new base, about 35 feet below the top of the Wolvercote 
Channel. 
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Summertown-Radley ‘Verrace. 


The base-level being found, aggradation again set in, and a few 
feet of gravel were laid down. These are often crowded with 
remains of the Mammoth, and, as already stated, the bottom ot 
the terrace at its junction with the Oxford Clay is studded 
profusely with teeth of Mammoth of the Siberian type, the 
thick-plated type also being represented. The Woolly Rhinoceros 
accompanied the Mammoth; but the Reindeer—the most im- 
portant of the three which are usually considered to indicate 
boreal conditions—is missing. It seems probable, however, that 
the climate was cold when, or just before, the gravels were 
deposited. 

There is strong evidence to show that the ‘Mammoth’ gravels 
were almost entirely swept away during a succeeding stage of 
erosion, which, although it removed much of the gravel already 
deposited, did not lead to much deepening of the river-bed into the 
underlying Oxford Clay. Mammoth disappeared as quickly as it 
arrived: for, in the new gravels, it finds no place so far as known. 
Its companion Lhinoceros tichorhinus disappears also. 

The newer gravels bear witness of a climate as warm as that 
of the High Terrece. In places are found beds of Corbicula 
Jtuminalis, with other shells; and with them occurs Hippopotamus, 
which may truly be described as a common fossil in these gravels. , 
Elephas antiquus occurs again, with Red Deer and Cave Lion. 
The last, being a carnivore, was bound to follow its food, or starve; 
so it may well have been forced to penetrate farther north 
than its natural habitat, and its value as an indicator of climate is 
thus reduced. 

Worn Acheulean implements are found in the gravels apparently 
of both stages of the Summertown-Radley Terrace. Again, on the 
top of the Summertown-Radley Terrace, all trace of an ‘alluvial 
stage’ is missing. Coarse clean gravel is found from top to 
bottom; much ‘festooning’ disturbs the uppermost few feet. 

After aggrading its channel toa maximum of about 15 feet, the 
river-system has now entered on another phase of rejuvenation 


(35). 


Flood-Plain and Buried Channel. 


The difficulty of separating the Flood-Plain Gravel from that 
of the Sunk Channel has already been discussed: in fact, the 
discovery of the latter increases rather than lessens the difficulties 
encountered in the area. 

The record of Hippopotamus froma shallow depth in the Flood- 
Plain Gravels suggests that these, in part at least, are the older. 
Seeing that a skull was found, it is difficult to imagine that it 
could be a derived specimen: an odd tooth might be, but the 
bones found in the older terraces are now extremely fragile, and 
were probably little less so when the Flood-Plain Gravels were 
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in process of formation. The length of time represented by a 
deepening of the channels of a river-system must be great, and 
in this case the vertical erosion amounts to about 10 feet. 

There is the following explanation.to offer, which may account 
for the presence of Hippopotamus in a deposit generally believed 
to have been formed long after the extinction of the animal in 
North-Western Europe. 

It has been shown that the centre of the channel of the Thames, 
and the confluence of the Evenlode and the Cherwell, during the 
time of the Summertown-Radley Terrace, ran along the line 
Cassington—Oxford (City Brewery)—Iffey. Along this line the 
gravels approach very nearly to present river-level, but otherwise 
are normal to the Terrace. The line passes over the site from 
which the Hippopotamus skull is reported, and here the older 
gravel would be within reach of the water at the later epoch. 
It is suggested that by the process of ‘incorporation in bulk’: 
that is, large masses of gravel-bank, undercut by the flow of 
water, slipping gently into the river and being covered up without 
further disintegration, the skull may have been transferred to 
the newer gravel unharmed. It would be extremely difficult to 
distinguish one gravel from another in such a case.! 

On geological considerations one would be inclined to suggest 
that, atter the completion of the Summertown Terrace, rejuvenation 
set in and the rivers cut a narrow channel, the bottom of which 
lies about 15 feet below present water-level and 85 or 40 feet below 
the top of the old terrace: there followed a period of aggradation, 
during which the narrow channel was filled with coarse gravel and 
sand, a bank of gravel was formed varying up to 10 feet above the 
present surface of the waters, and then by minor oscillations of 
level the river reached its present position. During this period it 
deposited the bulk of its alluvium, which is strongly unconformable 
upon the Flood-Plain Gravels and overlaps them. 

Of the climate, fauna, and human culture of this long period 
unfortunately little can yet be said from work in this area alone ; 
but work by investigators in lower parts of the river may throw 
light on the matter (86). In this instance our knowledge of 
climate partly breaks down in the Oxford district, a condition of 
things that will probably be remedied if the gravels are kept under 
continuous observation. Indeed, there is good reason to believe 
that the tooth of Mammoth from the ‘bed of Cherwell’ is 7” s¢¢w 
there. 

The sunk channel in the lower river has been proved to contain 
an Arctic fauna and flora; but investigators here seem inclined to 
consider it younger than the Flood-Plain Gravels. 

The alluvium in this, as in other districts, contains the fauna 
indicative of a climate very much the same as that of the present 


day. 


1 The Rey. Charles Overy states that he has observed this process below 
Sandford Weir in time of flood. 
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The sequence of events seems fairly clear. Of the relations of 
the High Terrace to Plateau Drift and to the terrace of Wolvercote 
phase (40-foot Terrace) I have no doubt: the same applies to the 
position of the Summertown-Radley Terrace between the Wolver- 
cote Terrace of the Flood-Plain and Sunk Channel Gravel. 

The Wolvercote-Channel group, as it stands, is self-contained ; 
it represents a long period of time, is older than the warp sands, 
and younger than the Wolvercote-Terrace gravel. The warp 
appears to be older than the Summertown Terrace, and, if this be 
so, then the position of the channel is fixed; but, if the warp should 
prove to be younger than it appears, it seems possible that the 
channel deposits of Wolvercote are a ravinement of the period of 
the Summertown-Radley stage. 

The evidence briefly is as follows :—The channel is truncated by 
later erosion (near Wolvercote Church), and Oxford Clay comes to 
the surface as a steep cliff. The base of the channel is about 
38 feet, and the top of the Summertown Terrace about 25 feet, 
above river-level: then the base of the channel is about 14 feet 
and the top over 20 feet—or nearly 80 feet—above the top of the 
Summertown Terrace, as now preserved. It is unlikely, therefore, 
that the Wolvereote Channel could have been a backwater or 
eross-channel between the Thames and the Cherwell at as late a 
period as that of the Summertown Terrace; it is doubtful whether 
a fast-running river would deposit such a series as we see at 
Wolvercote from its upper stratum of water, while it was laying 
down very extensive gravels over 20 feet below this level. On 
the other hand, the Wolvercote series might have been deposited 
by a small tributary between the Thames and the Cherwell. 

The fauna of the channel seems to correspond to that of a known 
stage in the Lower Thames, and that of the Summertown-Radley 
Terrace to another in the same chronological sequence: that 1s, the 
channel is older than the Summertown Terrace. 

The evidence afforded by the implements is not convincing: 
those of the Wolvercote Channel carry us to the close of the 
Acheulean and to the dawn of the Mousterian, and include unrolled 
specimens. Those of the Summertown Terrace are rolled, and do 
not seem to represent as advanced a culture as those of the channel, 
nor probably as late a period. On the other hand, the former are 
found in coarse gravel, and were of necessity subject to rolling ; 
the latter occur in sands and in fine gravels. In addition, very few 
specimens are known from the Summertown Terrace, and it is by 
no means certain that the highest culture that it contains has yet 
come to light. 

The position, then, is this:—on geological grounds there is 
reason to consider the Wolverecote Channel older than the Summer- 
town Terrace, though it is clearly to be remembered that the 
channel deposits were not seen in the section at the Roman Catholic 
Chapel. The absence of Corbicula fluminalis in the sands is not 


to be overlooked, and the presence of Klephas antiquus in the 


underlying gravel, as also in the upper part of the Summertown 
‘Terrace, is significant. 


— a 
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The implements of the channel and of the lower-lying terrace 
are of much the same age; but, at the moment, younger types, 
better preserved, are found in the channel at Wolvercote. 

On the supposition that an attempt were made to fit the 
Pleistocene deposits of Oxford into a generally accepted time-scale, 
harmony might be obtained if the Upper Wolvercote Channel 
deposits were taken to be younger than the Summertown Terrace. 
Similarly, one might seek to reverse the apparent relations of 
the Flood-Plain Gravels and the Buried Channel Gravels to obtain 
agreement with the results obtained in the Lower Thames. Further 
research may, indeed, lead to both these conclusions; but, for the 


present, the matter will be left as it stands. 
I now append a table of river history, climate, and chronology, 
in which the deposits are shown in their present, apparent, order. 


Plateau Drift with 
striated pebbles. 

High (Handborough) 
Terrace—Elephas 
antiquus, 


| 
) 


| Wolvercote Terrace. 


Wolvercote Channel 
—E. antiquus. 


| 


| Temperate-Alpine 
Plants. 


Summertown-Radley 
Terrace. 
Elephas primigenius. 


| Elephas antiquus. 
Hippopotamus. 


Sunk Channels and 
Flood-Plain. 
| Blephas primigenius 


| @ 


| Alluvium. 


Physical History. 


Erosion, amount 
doubtful, 

Deposition, about | 
18 feet. 


Erosion, about 
35 feet. 

Deposition, about 
8 feet. 


Erosion, about 
14 feet. | 
Deposition, about 
14 feet. | 


Erosion, about 
35 feet. 


Deposition: (?) feet. 
Slight erosion. 
Deposition, about 


| 10 feet. 


Erosion, about 
40 feet. 

Deposition, about | 
25 feet. 

Erosion, about 
10 feet. 


Deposition very 
variable, still liable 
to floods. 


4 


Climate. 


| Cola. 


Warm. 


| Warm (Ff). 


( Base warm, 
sand warm-tem- 
| perate. 
| Clays temperate to 
cold. 
Warp [non- 
fluviatile], 


| Rae moist, 


cold (?). 
Probably cold. 


Warm. 


Cold, Arctie in 
part (?). 


As nowadays. 


Implements and 
Stage of Man. 


None: Chellean (?). 


Rolled Chellean 
only, 


Unrolled Acheulean 
and Upper Acheu- 
lean. Micoque. 

Incoming Mousterian. 


l 


| 
J 


Rolled Chellean and 
Acheulean only, 


Upper Paleolithic 
periods (?). 

(No evidence found 
in the area.) 


Neolithic and later. 
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Factors of Correlation. 


It is not my intention, at the present stage of investigation, to 
enter on a correlation of the deposits of the Upper Thames with 
those of the other parts of the river, or of other provinces; but 
certain features, which have a bearing on the subject, call for 
attention. 

When one views the river as a whole, in the light of impressions 
gained in the Oxford area, the following points attract one’s 
attention. 

(1) Coarse gravels of the Upper River are to be compared, on 
the evidence of fauna, implements, and level, with brickearths of 
the lower river: this is, in part at least, a natural function of the 
thalweg. 

(2) All the non-local rocks represented by pebbles in the 
fluviatile deposits of the Oxford district are found in the local 
plateau deposits above them, as rounded and subangular pebbles 
and boulders; these can be traced down the course of the river, 
and become increasingly comminuted, the hardest and chemically 
most stable surviving longest. 

(3) 'The Iffley and Cassington sections provide a warning that 
the deepest parts of ancient river-beds may reach present river- 
level, whereas the bulk of their gravel rests quite beyond the reach 
ot the river-waters. 

(4) Implements may be described as the commonest fossils of 
the High Terrace of Swanscombe: they are strongly represented 
in the deposits of the Lower Thames (Swanscombe, Crayford, 
Ebbsfleet, and other well-known exposures). In this part of the 
river Chellean (or Strepyan) and Mousterian cultures are pre- 
served in unworn condition, and at known horizons. In the 
London district implements of those cultures are abundant: very 
large finds have been made in the Reading neighbourhood, and 
around Farnham. Through the upper part of the Chiltern Gorge 
of the Thames implements have not been found so plentifully ; 
this may, or may not, be accidental. pi 

Beyond Goring Gap extreme poverty of human culture is most 
clearly marked, and here implements have been sought by numerous 
collectors and archeologists over a prolonged period. The scarcity 
is thus probably not accidental, so far as search and trained 
observation are concerned. One is inclined to attribute some 
significance to the scarcity in the Oxford district, compared with 
the remarkable abundance in the eastern part of the river. In 
the Oxford area not a single implement is known definitely from 
the High Terrace, although the Rev. Charles Overy, in a paper 
read recently before the Geological Society, commented on a 
remarkable series of Chellean and pre-Chellean implements from a 
gravel-filled channel in the Chilterns near Reading, 140 feet above 
the river. Chellean implements, rolled or unrolled, are as yet 
unknown from the High Terrace of the Thames in the Oxford 
district. 

Q. J. G.S. No. 318. M 
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In the deposits of the Wolvereote plateau have been found the 
only notable number of implements; but, after more than 25 years’ 
collecting, barely 70 specimens are known, and these are a: mixture 
of rolled Chellean to Upper Acheulean forms, only the highest 
forms being entirely unrolled (Upper Acheulean and Micoque). 
Recently one small specimen, which is polished but not rolled, 
supposedly of Mousterian workmanship, has been discovered in the 
upper clays. 

From the next terrace not a single unworn implement is yet 
known, and barely a score of worn Chellean and Acheulean forms ; 
but it should be noted that some of these are indeed very little 
rolled. They are not, however, in the condition of the highest 
forms found in perfect preservation at Wolvercote. 

Too little is yet known of the Flood-Plain and Sunk Channel ; 
but, so far, no unworn implement has been recovered from them. 
Poverty so clearly marked is not to be ignored; doubtless further 
discoveries will be made, but nowadays the condition of things 
is remarkable (38). 

A suggestion, tentative only and founded on negative evidence, 
is that Lower Paleolithic Man flourished in the Middle and Lower 
Thames area, but did not penetrate in large numbers or colonize 
very extensively the basin of the Thames beyond Goring Gap. 
Why, it is difficult to say: for game and water were both 
abundant. Much of the land was forest-covered, and beyond 
lay the heights of the Cotswolds; but the fact remains. Possibly, 
in Mousterian and late Acheulean times the river-valleys, bedded in 
blue clays from Goring Gap to far above Oxford, were waterlogged 
and swampy: the foregoing suggestions gain weight when the 
mamunals are considered. 

(5) There are some curious features exhibited by the fauna 
that are of exceptional interest. The ancient ‘warm’ fauna 
lingers long in the area, the ‘northern fauna’ is not established. 

The fauna of Long Handborough (such as there is) agrees with 
that of Swanscombe. 

Summertown-Radley corresponds in level, in mollusca, generally 
in vertebrata, and possibly in industry, with the Crayford Brick- 
Earth, but with Mammoth and Woolly Rhinoceros at the base. 
Above, we find Hlephas antiquus and Hippopotamus (at its zenith) 
with solid beds of Corbicula fuminalis and other shells, including 
two or three species as yet unknown in other Pleistocene deposits. 
Of Reindeer, which appears in the Taplow Terrace (of the Geo- 
logical Survey), and is most characteristic of the Upper Flood- 
Plain Gravels of the Lower and Lower Middle Thames, not a 
single specimen has been found in the river-gravels of the Oxford 
district. 

There are other discrepancies, which may be made good; but, 
if we bear in mind the very long time during which collecting has 
been going on in the Oxford district, the known assemblage of 
fauna and the known gaps in it are of some significance, So far 
as collecting is concerned, there is a specimen (part of a ramus of 
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Rhinoceros tichorhinus) from Thame which was figured by 
Douglas, in his ‘Antiquity of the Earth’ 1785, as ‘ Fossil animal 
incognitum’: another was found in 1825, and collections have 
constantly been made, at least from 1870 onwards. 

Only one Bear is known, and that a single specimen and of a 
new species. /ye@na and Ovibos moschatus are as yet unknown, 
and other species are known by single specimens only. 

Can it be that mammals and Man advanced up the river, that 
the ancient fauna became established beyond the Chilterns and, 
segregated there, lingered on and flourished more abundantly than 
_it did in the lower parts of the basin? Did the northern fauna 
advance likewise up the Thames and reach the Oxford plain fora 
time only, even then depleted of some of its members? Lastly, 
did Man follow the same route, and, reaching the Chiltern escarp- 
ment, pass beyond it only in small parties? These are questions 
of surpassing interest to which the answer may, with some degree 
-of truth, though as yet tentatively, be given in the affirmative. 

Thus it appears that, in any attempt at correlation of deposits 
throughout the Thames, neither mineralogical composition nor 
lithological character, neither fauna nor relative level, can be 
accepted as indisputable criteria; and even Man himself may fail 
us by failing to distribute himself equally throughout the river- 
basin, or to leave behind him as many of his instruments as we 
avould desire. 


IV. SUMMARY AND CONCLUSIONS. 


It has been shown that ancient river-terraces occur in the 
hheadwater region of the Thames Basin, west of the Chilterns, and 
that they maintain the same curve as the thalweg of the present 
rivers with which they are associated. 

There is no discontinuity of the terraces of the headwater 
tributaries of the Thames at their confluences near Oxford. 

Three terraces are identified above the present flood-plain, and 
to each, in order to avoid confusion, a place-name is given :— 


Handborough Terrace .,....... about 100 feet above river-level. 
Wolvercote Terrace |\ 

Wolvercote Channel f “"77""* 
Summertown-Radley Terrace about 20 feet above river-level. 


about 40 feet above river-level. 


Below the last are flood-plain gravels, and a sunk channel has 
been identified. There is an absence of alluvial stages and of 
prickearths (except in the upper part of the Wolvercote Channel). 

The Handborough Terrace is in immediate contact with, and 
younger than, a plateau-drift which I consider to be of glacial 
origin. 

Fach of the three terraces contains a warm-climate fauna with 
Elephas antiquus; but there is evidence of colder conditions in 
the upper part of the Wolvercote Channel, and in the base of the 


succeeding terrace. 
M2 
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The Proboscidea are represented by a series of forms, from 
Elephas antiquus of archaic characters to the Siberian Mammoth. 

The warm-climate fauna lingers long in the area, and is strongly 
marked by abundant remains of Hippopotamus and Corbicula 
fluminalis in gravels which rest upon deposits containing Klephas 
primigenius and Rhinoceros tichorhinus, both gravels being of 
post- or late Acheulean age (Summertown-Radley Terrace). The 
full suite of ‘Northern forms’ is not found in the district. 

Paleolithic implements are scarce, and unabraded specimens are: 
confined as yet to the Wolvercote Channel: these are of Acheuleam 
and Micoque cultures. Abraded Chellean implements are found im 
the Wolvereote Terrace and abraded Acheulean specimens in the 
Summertown-Radley Terrace. 


At this point I may conclude. I desire to emphasize that the 
paper is intended as a record of fact and as an introduction to am 
important part of the River Thames, in the hope that it may be- 
of use as the basis of future work. 

In conclusion, I must express my sincere gratitude to those who: 
have assisted me during the progress of the work: to Prof. W. J. 
Sollas and Prof. J. H. Marr for much helpful criticism and advice ; 
to Dr. A. Smith Woodward and the late Dr. C. W. Andrews for 
the determination of the vertebrata; to Mr. Henry Balfour, 
through whose kindness I was permitted to study the implements. 
from Wolvercote in the collection of the late A. M. Bell; to 
Mr. Leeds for permission to study the Manning papers; and to 
Mr. J. Reid Moir for many fruitful discussions. 

To Mr. A. 8S. Kennard & Mr. B. B. Woodward I am indebted 
for their analyses of the mollusca, and to Mr. R. C. Spiller for his 
work on the clays and sands of Wolvercote. 

I am also indebted to the Rev. Charles Overy for an original 
outline of the map produced in this paper. 
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Apprnpix I.—Sywnopsis OF THE PLEISTOCENE VERTEBRATA 
OF THE OxrorD DtstTrict. 


Handborough, ‘ High’, Fourth or 100-Foot Terrace. 
Oxford University Museum and Author’s Collections. 


Teeth :— 
Llephas antiquis (archaic). | EE. trogontherii, or cf. E. primigenius- 
E, antiquus. | of Ilford 
BE. antiquus trogontherti. Bos sp. 
E. antiquus or trogontherii. Cf. Equus sp. 
Seergel, Paleeontographica, vol. lx Rhinoceros megarhinus or lepto- 
(1913) pl. ii, no. 4. rhinus.! 
Cervus (2?) elaphus. 
All seen by the late Dr. C. W. Andrews, F.R.S. 
Wolvercote, Third or 40-Foot Terrace. 

Oxford University Museum and Author’s Collections. 
Terrace-Gravels—N one. | Bison priscus (2), tooth. 
Basement-Gravel of Channel. Cervus elaphus, bones and antlers. 
H. antiquus, tooth; bones. | Channel, lower sands. 

Rhinoceros sp., pelvis. | Cervus elaphus, antlers (fragments)... 
Equus caballus, with simple molar Equus caballius, with complex molar 
crown pattern, and bones. crown pattern ; teeth. 


Bos primigenius, tooth and bones. 


Upper clays—none found. 
Warp sands—none found. 


Summertown-Radley (Second or 20-Foot Terrace). 


Oxford University Museum and Author’s Collections. 


Lower Gravels. Upper Gravels. 
Eynsham. 
Hlephas primigenius, teeth, Hippopotamus major (abundant). 
_ Bos primigeniws, teeth and bones. 
Cervus megaceros, ramus. 
| Cervus elaphus, bones and antlers: 


(fragments). 
Wytham (87)2 
Elephas antiquus, lower jaw. Cervus elaphus. 
Rhinoceros leptorhinus, tooth. Bquus caballus. 
Hippopotamus (major, fragment of Bos tawrus (2). 


tusk. | 


Yarnton. 
Elephas primigenius: ‘at and near | 
the bottom a profusion of teeth 
and tusks of Hlephas primige- / 
minus’ (37). 
Rhinoceros tichorhinus, teeth. 


' This specimen is in the possession of Mr. J. Kibble, of Charlbury. 


1871. There is reason to believe that the mention of Mammoth from Wytkam: 
(p. 464) refers to Elephas antiquus. 
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Kidlington. 


Rhinoceros tichorhinus, teeth (level unknown). 


Summertown:— 


(a) St. Edward’s School Foundation (22).’ 
Hlephas primigenius, teeth. | (Corbicula fluminalis.) 


(b) Webb's Pit. 
Elephas primigenius, teeth. | (Corbicula fluminalis.) 
Equus caballus, teeth. Bos primigenius, teeth and bones, 
Levels unknown (22) :— 
Rhinoceros tichorhinus. 
Equus caballus. 
Cervus elaphus. 
Cervus capreolus. 
Sus scrofa. 
(c) Lonsdale Road. 
Felis leo spelea, skull (at 7 feet; notes of the late P. Manning). 


Oxford. 


(a) University Museum (Foundations of the Dyson Perrin 
Laboratory). 


Bison priscus, face and horn-cores. 
Elephas primigenius, teeth. 
(b) Observatory. 


Rhinoceros tichorhinus, tooth (specimen dated 1825}. 


(c) Magdalen College Grove. 


(Corbicula fluminatis.) 
Bos primigenius (2). 


Elephas primigenius, abundant 
remains. 
Ursus anglicus (25), ramus. 


(d) Holywell Street (Drainage-work done about the year 1869). 


Elephas primigenius, abundant 
remains. 


(e) Records of Elephas primigenius also at the Old Angel Inn, Little Claren- 
don Street, Iffley Drainage (about 1868), and other sites at which isolated 
teeth were found. 


Iffley. 
Elephas primigenius, teeth. | Hippopotamus major, tooth. 
Rhinoceros tichorhinus (common), | 


Equus caballus. 

Cervus elaphus. 

(Hippopotamus major ?) fragment 
of tusk, missing. (Notes of 
P. Manning.) 


teeth. | 
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Radley (Silvester’s Pit). 


Elephas primigenius,' teeth. | (One specimen, worn). Corbicula 
| fluminalis. 
| Hippopotamus major,! tusks. 
| Cervus elaphus, bones. 
| Bos primigenius,’ bones and teeth. 
| Felis leo spelxa,! skull, complete. 
| Equus caballus, bones and teeth. 


Abingdon. Levels unknown. 


Elephas primigenius, teeth. 
Rhinoceros tichorhinus, teeth. | rane College Museum. 
Hippopotamus major, teeth. 
Equus caballus, teeth. 
Ursus ? (canine tooth). 


eS cee Abingdon Museum. 
Bos primigenius, bones and teeth. } = 


Drayton, by Abingdon. 


Elephas primigenius. 
Equus caballus, with complex molar 
crown pattern. 


In the foregoing synopsis, in cases in which the specimen has 
not been found by me, or within the period during which I have 
been studying the gravels, very definite evidence has accompanied 
each specimen before it has been classified as belonging to Lower 
or Upper Gravels. If this evidence has been incomplete, or open 
to doubt, there has been no hesitation in classifying the specimen 
under the title ‘level unknown’. 


APPENDIX I].—IMPLEMENTS OF THE BASEMENT-GRAVELS 
OF THE WOLVERCOTE CHANNEL. 


In order to avoid breaking the continuity of the text, the 
description of the largest number of implements from any one bed 
of the Oxford deposits is relegated to this brief appendix; but, 
although the determination of culture is achieved, the collection as 
a whole would well repay much closer examination than is possible 
at the moment. It is greatly to be hoped that one day it will be 
possible te gather together all the implements known from the 
basement-gravels of the Wolvereote Channel, and carry out a 
thorough examination: if this be done, probably alterations will 
be made i in the account here given; but, in broad outline, it should 
remain the same. 

In the circumstances, no figures will be given; but, when all the 
implements can be compared side by side, and more detailed work 
is attempted, this should certainly be done. The great plano- 
eonvex implements are some of the most beautiful objects of 
Lower Paleolithic art, and the simplicity of the Micoque forms is 


1 Specimens in Radley College Museum. 
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striking. Some of the small plano-convex implements may very 
well belong to the Micoque industry. . 

The reader is, therefore, asked to bear in mind that this is the 
preliminary detailed classification and determination, and that it 
is carried out under limiting conditions. Numerous types are 
represented, 


(1) A few very battered flakes, with deep ochreous patina. 


(2) Worn, acutely pointed bouchers, with heavy butt: yellow, 
blue, and white, with blue and yellow patinations. In 
four collections :—Pitt-Rivers Museum (the late Mr. 
A. M. Bell’s collection), Ashmolean Museum, University 
Museum, and my own collection, as many as twelve of 
the type are preserved; two specimens in the University 
Museum were identified as of Chellean age by Prof. Breuil. 


(3) Pointed bouchers of fine technique, simple but masterly 
flaking with little retouch: mostly unpatinated, little 
worn, yellow and black or grey. I have seen fourteen 
specimens of this type; about half of them are iron- 
stained or iron-encrusted. Three specimens in the Uni- 
versity Museum collection were classified as Chellean- 
Acheulean by Prof. Breuil. A single implement in my 
collection is somewhat of this type with a very reduced 
butt, pointed, though with the point missing; the flaking 
is strong, long rippling flakes having been removed and 
little retouching done. his Prof. Breuil identified as 
Lower or Middle Acheulean, and another, in the Uni- 
versity Museum, as Acheulean. 


(4) The remaining implements represent the highest cultures 
present in the basement-sand and gravel. They are of 
different workmanship from the foregoing, and belong to 
a slipper-shaped or plano-convex type (19). 

They may be divided into :— 


True plano-convex type. 

(a) Small plano-convex bouchers. 

(b) Magnificent implements measuring up to 10 inches in length. 
Bouchers of Micoque type. 


(a) Highly arched, with a flat base and a trimmed butt. The 
-colour varies with the flint, but generally is grey or black; that is, 
fresh flint. They are mostly unpatinated, and are barely rubbed 
or polishea. They may be considered to be a series so little abraded 
that they are almost certainly contemporaneous with the sand and 
gravel in which they lie. The flat base has usually been retrimmed, 
and the edges of the implements have been retouched. Some at 
least have been struck from a core; yet, despite this fact, neither 
these nor those described below (6) are normal Levallois flakes, 
but are comparable to the late Acheulean forms which approach in 
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some respects the Levallois type. They are probably of Upper: 
Acheulean or Acheulean III industry. 

One specimen was seen by Prof. Breuil, and classified as Upper 
Acheulean. 

(b) These probably represent the highest stage of evolution of 
the type described above: they are about 10 inches long and nearly 
4 inches broad, thin at the rounded point, thickening slightly 
towards the butt. They were detached apparently, though not 
certainly in every case, from a larger block; but both faces are 
etched with beautiful fish-scale flakes, and this with their size, 
shape, and finish, precludes them from being classified as Levallois 
flakes. They are unpatinated, and in perfect preservation. Only 
four are known. 


A single implement was classified by Prof. Breuil as Micoque, 
and I have seen another that corresponds closely to it. The first 
specimen is sharply triangular in section, increasing rapidly in 
thickness towards the butt, which is of little trimmed crust: 
flaking is very simple, and the implement has been made with a 
minimum of work for a maximum of effect. It is unpatinated, 
ironstained, and slightly smoothed over the arétes by sand- 
rubbing. 

A grattoir in my collection from the same gravels is comparable 
with Mousterian forms, but is assigned by Prof. Breuil to the 
Middle Acheulean. 


Aprrnpix JIJ.—THe Purrstocenr Non-Martne Mornusca. 
By ALFrepD Santer Kennarp, A.1L.S., F.G.S., and Bernarp 
Baruam Woopwarp, F.L.S., F.G.S. 


[Puarse IX,] 


The Non-Marine Mollusca of the Pleistocene deposits near 
Oxford have received but scant attention in the past, and we are 
greatly indebted to Dr. K. 8. Sandford for submitting to us the 
series found by him during his recent survey of the district. 
Although the list of species is not extensive, two species are new 
to science ; and it is evident that further work will add greatly to 
the number. We hope that this pioneer work is only the prelude 
to an exhaustive study of these deposits and their fauna. 


Eynsham. 


Dr. K. 8. Sandford obtained two species from this deposit: 


namely, Unio prestwichi sp. nov. and Spheriwm radleyense 
sp. nov. 


Kidlington. 


Four species are recorded by John Phillips from Pleistocene: 
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gravel at Kidlington,! and two species are preserved in the Oxford 
University Museum. The list will thus be 


Pruticicola (Capillifera) hispida | P Ancylastrwm fluviatile (Miller). 
(Linné), P Planorbis planorbis (Linné). 
P Cecilioides acicula (Miller). Corbicula flaminalis (Miller). 


P=On the authority of Phillips. 


Marston. 


In the collection of the Oxford University Museum are examples 
of Corbicula fluminalis (Miiller) from this locality, but the exact 


site is unknown. 


Magdalen College Grove. 


From a temporary excavation in Magdalen Park Dr. Sandford 
obtained fifteen species, namely :— 


Jacosta (Cernuella) virgata (Da Costa) 1 example. 
Fruticicola (Capillifera) hispida (Linné) 1 example. 
Cochlicopa lubrica (Miller) 1 example. 

Limnea pereger (Miller) 2 examples. 

Limnea truncatula (Miller) 1 example. 

Bithynia tentaculata (Linné) 7 examples. 

Valvata piscinalis (Miller) common. 

Unio littoralis, Lamarck, 2 examples. 

Unio prestawicht, sp. noy., 2 examples. 

Corbicula fluminalis (Miller) common. 

Spheriwm rivicola (Leach) 1 valve. 

Spheriwm corneum (Linné) 1 valve. 

Spherium radleyense, sp. nov., 3 valves. 
Pisidiwm amnicum (Miller) 6 valves. 

Pisidiwm hensiowanwm (Sheppard) 2 valves. 


Radley (Silvester’s Pit). 


The series obtained by Dr. Sandford from this section has been 
supplemented by examples collected by Mr. R. Winckworth and 
Mr. A. Wrigley; we are thus able to place on record twenty 
species, namely :— 


Jacosta (Cernuella) virgata (Da Costa) 3 examples. 
Jacosta (Xerophila) itala (Linné) common. 
Fruticicola (Capillifera) hispida (Linné) 6 examples. 
Succinea pfeifferi, Rossmiissler, 4 examples. 
Ancylastrum fluviatile (Miller) 6 examples. 
Limneza pereger (Miller) common. 

Limnea palustris (Miller) common. 

Limnexa truncatula (Miller) 4 examples. 

Planorbis leucostoma, Millet, 6 examples. 

Valvata piscinalis (Miller) common. 

Valvata macrostoma, Steenbuch, 1 example. 

Unio prestwichi, sp. nov., common. 

Anodonta anatina (Linné) 1 fragment, 

Corbicula fluminalis (Miller) 1 fragment. 
Spherium cornewm (Linné) common. 


2 «Geology of Oxford & the Valley of the Thames’ 1871, p. 467. 
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Spheriwm radleyense, sp. nov., common. 
Pisidium amnicum (Miller) common. 
Pisidium henslowanwm (Sheppard) 1 valve. 
Pisidium subtruncatum, Malm, 2 valves. 
Pisidium cinereum, Alder, 7 valves. 


Summertown: St. Edward’s School Site. 


Sir Joseph Prestwich, in 1882, recorded twelve species of 
mollusca which he had obtained from the excavations for the 
foundations of new buildings at St. Edward’s School, Summer- 
town.! A series from this section is preserved in the Oxford 
University Museum, and the revised list is as follows :— 


Fruticicola (Capillifera) hispida _ | Planorbis planorbis (Linné). 
(Linné). Bithynia tentaculata (Linné). 
P Vallonia, sp. Valvata piscinalis (Miller). 
Pupilla muscorwm (Linné). | P Unio, sp. 
Ancylastrum fluviatile (Miller). | Corbicula fluminalis (Miller). 
P Limneza pereger (Miiller). _ P Spheriwm, sp. 
P Limnea truncatula (Miller). Pisidium amnicum (Miller). 


Planorbis corneus (Linné), | 
P=On the authority of Prestwich ; not represented in the collection. 
St. Edward’s School: Playing-field. 


Dr. Sandford has obtained Corbicula fluminalis (Miiller) from 
this site. 
: Webbs Pit: 
From this section three species have been obtained by Dr. Sand- 
ford:—Fruticicola (Capillifera) hispida (Linné), Corbicula 
_Jiuminalis (Miller), and Pesidium amnicum (Miller). 


Summertown. (Pit unknown.) 


Hight species have been recorded from Pleistocene gravel at 
‘Summertown by Phillips.? The species recorded are 


Gowiodiscus rotundatius (Miller). Bithynia tentaculata (Linné). 
Pupilla muscorum (Linné), Valvata piscinalis (Miller). 
Ancylus lacustris (Linné). Valvata cristata, Miller. 
Limnezxa pereger (Miller), Pisidiwm amiricum (Miller). 


These shells were probably of the same age as those found by 
Prestwich ; but, since these examples are lost, the identifications 
cannot be checked. 


Wolvercote. 


The late A. M. Bell, in 1904, noted that eleven species of 


mollusea had been obtained from the gravels at Wolvercote ; but 
the species were not enumerated.3 These examples are now pre- 
served in the Oxford University Museum; but the list has been 
extended by the work of Dr. K. S. Sandford, supplemented by 


' Geol. Mag. 1882, pp. 49-50. 


* “Geology of Oxford & the Valley of the Thames’ 1871, p. 467. 
3’ Q.J.G.S. vol. Ix (1904) p. 123. 
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additional examples collected by Mr. A. Wrigley. 


Seventeen 
species are now known, namely :— 


Jacosta (Cernuella) virgata (Da Costa) 1 example, 
Fruticicola (Capillifera) hispida (Linné) common. 
Vallonia excentrica, Sterki, 3 examples. 
Vallonia costata (Miller) 2 examples. 
Helix nemoralis, Linné, 1 example. 
Pupilla muscorum (Linné) 4 examples. 
Ancylastrum fluviatile (Miller) 2 examples. 
Limnexa palustris (Miller) 2 examples. 
Bithynia tentaculata (Linné) 3 examples. 

e Valvata piscinalis (Miller) 6 examples, 
Unio, sp. 
Spherimm cornewm (Linné) 2 valves. 
Pisidium amnicum (Miller) 3 valves. 
Pisidium henslowanwm (Sheppard) 1 valve, 
Pisidium subtruncatum, Malm, 2 valves. 
Pisidium cinerewm, Alder, 1 valve. 
Pisidium nitidum, Jenyns, 1 valve. 


Yarnton. 


Phillips recorded three species of mollusca from the Pleistocene- 
gravel at Yarnton,! and four species are preserved in the Oxford 
University Museum, namely :—Pupilla muscorum (Linné), Lim- 
nea pereger (Miller), Planorbis, sp., and Pisidium amnicum 
(Miiller). One species, Frutictcola (Capillifera) hispida (Linné),,. 


recorded by Phillips, is not represented. 


Descriptions of New Species. 
UNIO PRESTWICHI, sp. nov. (Pl. IX, figs. 2-6.) 


Shell exceedingly thick and strong, ovate-oblong, euneiform,. 
much resembling typical Unio twmidus, Retz. in general outline, 
but with the posterior acuminate end more in the median axis. 
Umbones prominent, bearing two or three rows of W-shaped rugie. 

Hinge-line bent at the umbo, the anterior portion making an 
angle of 135° with the posterior (as against 145° in U. twmidus). 

‘Anterior tooth of right valve broad at the umbonal end, tapering 
to a blunt point over the adductor-scar, exceedingly large and 
massive (15 x 7mm., as contrasted with 11 x 3mm. in J. tumidus), 
strongly and coarsely grooved transversely ; terminating suddenly 
at the umbonal end beside a deep, coarsely roughened pit that 
receives one of the teeth of the opposite valve: the posterior lateral 
tooth is well developed, and almost straight. 

In the left valve the two anterior teeth are correspondingly 
massive, and the pit at the base of the anterior one is very deep,. 
and strongly, transversely grooved: the posterior lateral teeth are 
well developed, parallel for the greater part of their length, but 
approximate towards the umbo. 

Muscle-scars deep and well marked. Anterior adductor-scar 
about as wide as long, pushed slightly towards the longitudinal 


1 «Geology of Oxford & the Valley of the Thames’ 1871, p, 467. 
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axis of the shell by the huge anterior tooth which overhangs it: 
dorsal margin straight, while the anterior and ventral margins 
form a sweeping curve, terminating in a spur-like projection which 
points towards the central area of the shell; the posterior margin 
proceeds thence dorsally in a convex curve. Posterior adductor- 
scar half as long again as wide, anterior margin straight, dorsal 
margin also straight at right angles to the anterior; the ventral 
margin starts similarly, then curves in, and joins the crescent- 
shaped convex curve of the posterior margin. The anterior pedal 
retractor-scar is a more or less circular pit in the ventral wall of 
the anterior tooth, its plane being consequently at right angles to 
that of the adductor. The anterior pedal protractor-scar is an 
elongate, curved triangle, situate on the inner side of the adductor- 
sear just above its spur-like projection, its base against the 
adductor-scar and concave side dorsal. The posterior pedal re- 
tractor-scar is small, pear-shaped, situate at the dorsal angle of the 
adductor. 

Dimensions, calculated from the largest valve: length=90 
mm.; height=50 mm.; thickness=35 mm. 

The outstanding feature of this new Unzo is the enormous 
relative size of the anterior hinge-teeth. Greatly in excess of 
those of Unio littoralis Lamarck, they are even actually larger 
than those of the far bigger U. auricularius Spengler, dredged 
from the Thames at Barn Elms, that has more than twice the 
linear dimensions. While the dimensions of our largest and 
heaviest living U. tumidus, that have been quoted for comparison 
in our description, are evidence of the great difference between it 
and the new allied species. 


SPH@HRIUM RADLEYENSE, sp. nov. (Pl. LX, figs. 7-10.) 


Shell thick, strong, nearly complete, rounded oval, but slightly 
produced posteriorly below the longitudinal axis; umbones central, 
prominent; lines of growth irregular, not conspicuous, 

Hinge—Right valve: hinge-plate deflected on either side of the 
eardinal area. This curvature is considerably accentuated in old 
and thickened specimens by the great development of the inner 
lateral teeth. Cardinal (C. 3) strongly flexed, becoming almost 
semicircular in the old valve, the distal ends of both 3a and 36 are 
thickened. Lateral teeth very strong, especially the inner teeth ; 
a.l. 1 stout and curved towards the interior of the shell, apex 
nearly median, thorn-like, the side remote from the cardinal being 
the more steeply incurved; a./. 3 very short and stout, its apex 
the same distance from the cardinal as a./. 1; p.l.1 straighter 
‘and narrower than a. /. 7, apical point very much less pronounced, 
and the vertical ridge-curves on either side are nearly equal : 
p.t. 2 shorter than p.J. 1, apex about the same distance from the 
cardinal as that of p. 7. 7, width uniform, although in old specimens 
the cardinal end tends to thicken and coalesce with the outer shell- 
margin. Ligament-pit long, narrow, and deep. 

Left valve: hinge-plate showing a continuous curve. Cardinal 
teeth: C.2 curves round from under the umbo across the hinge- 


wl 
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plate, joining the inner margin ata fairly high angle, and becoming 
sharply pointed; C- 4 is long, straight, parallel with the hinge-line, 
rising to a sharp point opposite to C.2, its base in the opposite diree- 
tion becoming merged in that of the anterior lateral tooth; the 
lateral teeth are more prominent than those of the right valve, 
the anterior having the higher apex; the apices are situated 
towards the distal ends of the ridges, which are boldly curved 
on the cardinal, and steeply curved on the distal sides. Outline 
of apex curved away from the cardinal region. 

Dimensions of largest whole (right) valve: length=13 mm. ; 
height==10°5 mm.; thickness=9 mm. 

The nearest ally of this new species is Spherium bulleni, Kennard, 
from the Cromerian; but ours is a larger and rounder shell, and 
differs from that species in many important details, such as its 
less prominent, uncapped umbones, and in the hinge characters. 
Save in size, it is very distinct from the living 8. corneum, Linné. 


Conclusions. 


The deposits from which these shells have been obtained belong 
to two periods: that at Wolvercote being of quite a different age 
from the remainder. The others represent one and the same 
stage. Unfortunately, the Wolvercote shells are a featureless 
group, all the species belonging to living forms; but, if we may 
judge from the form of Fruticicola (Capillifera) hispida (Linné), 
which is present, the Wolvereote deposit (that is, the channel) is 
probably older than the others. The shells are all well developed, 
and the climatic conditions in both stages were clearly similar to 
those of the present day, with the possibility that the later deposits 
may represent a slightly warmer phase. In regard to the correlation 
of these beds with those of the Lower Thames, it is unfortunate 
that there is only one fossiliferous deposit (namely, at Great 
Marlow), and in that case the list of species is very small. We 
are, however, justified in assuming that the Wolvercote deposit 
may be of the same age as the Ilford Brickearth, and the 
remainder of the same age as the Crayford beds. 


EXPLANATION OF PLATE IX (facing p. 174). 


[ All the figures of Unio are of the natural size ; those of Spherium 
are somewhat enlarged. | 


Fig. 1. Unio tumidus Retzius. Recent specimen for comparison. 
2. prestwichi, sp. nov. Interior of right valve. 

End view of the same. 

Hinge of left valve of another individual. 

Exterior of right valve (fig. 2). 

Umbonal rug from another example. 

. Spherium radleyense, sp. nov. Interior of right valve. 

— = . Hinge of left valve of another individual. 

—— —. Exterior of right valve (fig. 7). 

End view of the same. 


| 


SOE we 


10. 


fa.a.=Anterior adductor scar; a.p.p.=Anterior pedal protractor scar ; 
a.p.r.=Anterior pedal retractor scar; p.a.=Posterior adductor scar : 
p.p.7.= Posterior pedal retractor scar. | 


Q. J.G.S. No. 318. N 
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Appenprx 1V.—Mineraroaican Nores. 
By Reginanp CHar.es Spriver, B.A. 


(A) Warp. ‘Two samples. 
(B) River-Silt. Three samples. } Samples examined. 
(C) Oxford Clay. Two samples. 


All collected from the brick-works at Wolvercote. 


The Warp is a yellowish-brown sand with a small amount of 
yellowish mud, which was easily removed by washing to leave a 
clean light-brown sand. The sand was concentrated by panning, 
and separated with bromoform, giving an abundant crop of heavy 
minerals. Very little mica was seen in the washings, or in the 
concentrate. Sifting showed the presence of a small percentage 
of grains too large to pass a 30-mesh sieve. These consisted of 
quartz, subangular and rounded, ferruginous concretions (limonite? ), 
chert-like fragments and lydian-stone. The minerals present in 
the lighter portion of the concentrate were quartz, felspar (micro- 
cline and orthoclase), and muscovite (scarce). ‘The heavy minerals 
observed were garnet and zircon (abundant), tourmaline, rutile, 
staurolite, cyanite, epidote, and andalusite. Magnetite, ilmenite, 
and leucoxene were abundant. 

No effervescence was observed on treatment with hydrochloric 
acid. 


The River-Silt is a sandy clay, the proportion of clay appa- 
rently increasing with the depth from which the sample is taken. 
The clay is pale blue, with irregular yellow patches. On being 
washed and boiled, the clay breaks down into a yellow mud, leaving 
a light greyish sand which contains a good deal of mica. All the 
sand passed through a 30-mesh sieve. Concentration by panning 
and separation with bromoform gave an abundant crop of heavy 
minerals. The lighter portion contained subangular and rounded 
quartz, felspars (microcline and orthoclase), muscovite, and a few 
grains of chert. The heavy minerals observed were garnet and 
zircon (abundant), tourmaline, rutile, staurolite, cyanite, epidote, 
andalusite, and a grain of green hornblende. Magnetite, ilmenite, 
and leucoxene were abundant. 

No effervescence was observed on treatment with hydrochlorie 
acid. 


The Oxford Clay is a stiff, plastic, dark-bluish clay, which 
gives a strong effervescence with hydrochloric acid. It takes some 
time to break up, boiling and treatment with hydrochloric acid 
facilitating the process. Washing leaves a small residue, which 
consists mainly of iron-pyrites with a little quartz, less orthoclase, 
and a very small percentage of heavy minerals. The heavy 
minerals observed were garnet, tourmaline, cyanite, zircon, stauro- 
lite, and rutile. No unaltered mica was seen. 
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Summary of results. 


Warp. River-Silt. Oxford Clay. 
N on-calcareous. Non-calcareous. Very calcareous. 
No pyrites. No pyrites. Much pyrites. 
Quartz very common. Quartz very common, Quartz very scarce. 
Mica scarce. Mica abundant. Mica absent. 
Felspars abundant. Felspars abundant. Felspars rare. 
Minerals greater Minerals greater Minerals greater 
than 30-mesh. than 30-mesh. than 30-mesh., 
Quartz. 
Chert. None. Pyrites. 
Ly dian-stone. : 
Limonite. 
Heavy minerals Heavy minerals Heavy minerals scarce. 
abundant. abundant. 
Magnetite and ilmenite Maenetite and ilmenite No magnetite or 
common, common. ilmenite seen. 


The warp and the river-silt would appear to have had a common 
‘origin, and their mineral constituents show that they were not 
t=) 2 
-derived from the Oxford Clay. 


DISCUSSION. 


Prof. H. L. Hawkins expressed his appreciation of the great 
umount of painstaking work that had produced this paper, and 
congratulated the Author on the intelligible and consistent results 
that he had reached, as also on the lucid explanation of his conclu- 
sions. He (the speaker) had been especially interested in the 
evidence put forward to show the approximate agreement in curva- 
ture of the thalweg in all of the true terraces. This condition, 
together with the rough similarity in the level of terraces near 

teading to those round Oxford, seemed to indicate that the gorge 
‘at Goring was as old-established a portion of the valley as any 
other part. The discovery of truly striated quartzites in the 
plateau-‘ gravel’ was a point of great interest and gratification. 
He was glad that the Author had laid stress on the submerged 
gravel below the present flood-plain—its occurrence seemed to 
imply irregularity or oscillation in the uplift causing excavation 
of the valley, and previous comparable oscillations might have 
accounted for the duality of some of the terrace-gravels. 

Prof. W. J. Sonnas said that, among the many interesting 
results obtained by the Author, there was one conspicuous for its 
importance beyond the rest. This is the distinction of the gravels 
of the Second or Summertown Terrace into a lower division 
characterized by the cold Mammoth fauna and an upper by the 
warm antiguus fauna. It had been overlooked by all previous 
‘observers, and its discovery was the result of long-continued and 
patient investigation. Now that it was pointed out, it was obvious 
enough and could be traced over a wide area. The antiquus fauna 
here belongs to the first part of the Monastirian age (Riss/Wiirm), 
and the underlying Mammoth fauna must consequently be of 


Riss age. 
8 w2 
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The so-called Third or Wolvercote Terrace presents an interesting 
problem. The implements that afford any useful dates are 
Upper Acheulean which are Riss, and Lower Mousterian (Micoque) 
which are Riss/Wiirm, and thus of approximately the same age as 
the deposits of the Second Terrace. 

The explanation would probably be found by considering the 
Wolvereote and Summertown deposits as the upper and lower 
members of what was originally a single terrace. 

The Handborough Terrace, with a warm antiquus fauna 
which preceded that of the Second Terrace, is plainly Tyrrhenian, 
and elsewhere has been shown to contain, as it should, Chellean 
implements. 

The speaker considered that the Author’s work was one of 
the most valuable contributions that had as yet been made to the 
Pleistocene history of the valley of the Thames. 

Mr. W. Jonson thought that the continuity of the terraces 
and the uniformity of the thalweg curves indicated uplifts which 
worked progressively upstream as far as the Oxford district. 
Should the plateau-drift above the Handborough Terrace prove to: 
be glacial, 1t would have to be borne in mind when considering 
the Lower Thames Valley. The instances of ‘trail’ in the river- 
gravels were not necessarily to be associated with glacial periods ; 
a series of severe winters would be sufficient to produce the sliding 
phenomena. Seeing that the ‘pot-holes,’ with their contained 
implements, are noticeably symmetrical and roughly in alignment, 
could they be due to artificial causes? It would be well if some 
agreement could be reached with respect to numbering the terraces ; 
at present, it might be best to retain the English system, and 
number the series from the uppermost. 

Mr. A. 5. Krnnarp congratulated the Author on his paper, 
more particularly as it dealt with the Pleistocene geology of a 
somewhat neglected district. The mollusea which the Author 
had obtained from these deposits were of great importance, 
especially the Unionide, for one new species was represented. 
A new species of Spheriwm was also present. It was hoped that 
further research would materially add to the list. 

The Prestpenr (Prof. A. C. Sewarp) warmly congratulated 
the Author on having successfully completed an important piece of 
work on asubject that is both difficult and interesting; he asked 
whether remains of Arctic plants had been found in the peat-beds: 
of Wolvercote. ; 

The Avrnor said, in reply to Prof. Hawkins, that he had given 
in his charts the level of the base of each terrace with relation 
to the river-level. The whole of the levels throughout are those 
of the bottom of the deposit in question. He had noted no signs 
of differential movement in the Oxford district. 

In reply to Prof. Sollas, he said that Mammoth-remains. 
were extremely common in the bottom gravels of the Summertown- 
tadley Terrace, but there was only one instance yet known of 
Mammoth from the sunk channel. : 
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In reply to Mr. Johnson, the Author said that perhaps swirl- 
holes would be a better term than pot-holes. The evidence 
was in favour of their formation by fluviatile agency, and there was 
nothing to show that they were of human origin. He had en- 
deavoured to avoid the confusion which results from the numbering 
of river-terraces by using place-names, and he wished to emphasize 
the importance of that method. 

In answer to the President, he said that the only peat yet found 
occurred in the Wolverecote Channel, and included a flora of 
temperate climate with two species now absent from England (one 
oceurring in the Northern Highlands of Scotland, and the other 
in Central Europe and Siberia ). 
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S. The Avontan of the Tyrmertnaron-Tortworti-WiIckWak 
Ringe (GiLovucestersutRE). By Freperick Srrerron 
Wauuts, Ph.D., F.G.S, (Read January 9th, 1924.) 


[ Abstract. ] 


Tue Author describes and maps, in terms of Vaughan’s system 
of zonal classification, the northern portion of the horseshoe-shaped 
wooded ridge of Avonian rocks which partly surrounds the synclinal 
basin of the Bristol Coalfield lying north-east of Bristol. 

‘The area described links together the researches of two former: 
papers,! and completes the Avonian zonal map of the horseshoe- 
ridge. 

The chief zonal characteristics may be summarized as follows :— 

Oleistopora Lone.—Lithologically the zone consists of shales, 
grits, and thinly-bedded muddy limestones, with the usual fossils. 
The Bryozoa Bed (@) has been recognized, and the zonal fossil is. 
unusually abundant in the Tytherington-Grovesend railway section. 


Zaphrentis Zone.—Limestones of the ‘ Petit Granit’ type, with 
intervening shales in Z,, form the major part of the sequence. At 
the base of Z, in the Tytherington-Grovesend railway section is am 
interesting band of oolite. No chert hasbeen found. Zaphrentids 
are very abundant, and the ‘ Z, Fish-Bed’ occurs in the northern 
part of the area. Horizon y cannot be differentiated, owing to the- 
absence of Caninia immediately above the honineki subzone. 


Syringothyris Zone.—The following sequence occurs in ascending 
order :— 


(1) Thickly-bedded, nearly unfossiliferous, blue-grey dolomites (laminosa 
dolomites), apparently formed by the dolomitization of crinoidal 
limestones. 

(2) A series of fossiliferous crinoidal limestones (Sub-Oolite Bed); non- 
oolitic in the lower, but oolitic in the upper portions. 

(3) A thick bed of current-bedded white oolite (Caninia Oolite). This was 
probably immediately followed by a short period of subaérial 
denudation. 

(4) Unfossiliferous thinly-bedded dolomites, with subordinate shales 
(Caninia Dolomites). 


Series (2) and (4) are considerably thicker than their equivalents. 
in the Avon Section. 


Seminula Gone.—The zone consists of massive limestones, 
including examples of Seminula Pisolite, china-stones, and 
Seminula Oolites merging into sandstones and conglomerates of a 


‘Millstone Grit’ phase of deposition. A calcareous sandstone: 


' Proc. Bristol Nat. Soc. ser. 4, vol. iv (1914) pp. 99-103 and Abs. Proc.. 
Geol. Soc 1920-21, No. 1063, pp. 30-31. 


” 
ee 
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(Firestone) occurs near the base of S, (formerly described from the 
top of §,). 

A calcareous development of the Dibunophyllum Zone is absent 
in the area described. 


It is thus established, from the evidence of previous writers and 
that set forth in the present paper, that during Avonian times there 
was a progressive movement of the northern shore-line of Vaughan’s 
‘South-Western Channel’! in a southerly direction. This move- 
ment is registered by noting the level in the Avonian sequence at 
which ‘ Millstone Grit’ conditions were established. 

The maximum thickness of the calcareous Avonian beds is only 
1280 feet, as compared with 2540 feet in the Avon section, 

The Tytherington-Grovesend railway provides a complete section 
of the Avonian rocks of the area. 


l Rep. Brit. Assoc. (Manchester) 1915, pp. 429-31. 
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9. The Avontan of the Western Menpies, from the CHEDDAR 
Vaiey Rarway fo the Sea, West of Brean Down. By 
Miss AcNes Exizaperu Bamber, M.Se, (Communicated by 
Prof. 8. H. Reynonps, Se.D., F.G.S. Read January 9th, 
1924.) 

[ Abstract. | 


Ix this paper a comparison is made between the Avonian of the 
Western Mendips and (a) the Avon Section and (4) the Burrington 
Combe section. The outcrops of the Carboniferous Limestone zones, 
classified according to the notation of the late Dr. A. Vaughan, 
have been mapped. 

Levels from K, to §, are exposed in the area. The lithological 
and paleontological characters of the zones are deseribed. Con- 
siderable faulting and folding occurs, more especially in the west of 
the region. 


Comparison with the Avon Section. 


K, subzone.—The lithological characters are similar to those of 
the Avon Section; but dolomitization is more general, and silicifi- 
cation more frequent. 

Z zone.—Conditions of deposition were similar to, but not 
identical with, those of the Avon Section as shown by :—(a) the 
increased thickness of the zone, (6) the increased silicification, and 
(c) the greater number of species. 

© zone.—Dolomitization is less than in the Avon Section. The 
Caninia Dolomites are represented by oolites and foraminiferal lime- 
stones, with subsidiary dolomites or dolomitized limestones. 
Oolites occur at the same level as the Canznia Oolites of the Avon ; 
but neither china-stones nor caleitic mudstones occur in Co. 

$, subzone.—Dolomitized limestones and local china-stones 
occur on the same level as the china-stones and mudstones of the 
Avon Section. The china-stones are associated with oolites. 


The following conclusions are deduced :— 


(1) The detailed study of a small area of the Mendip country 
affords abundant proof of the usefulness of Vaughan’s 
zonal classification in Carboniferous Limestones outside 
the Bristol area. 

(2) The conclusions arrived at by Principal T. F. Sibly, and 
stated in his Mendip paper, have been confirmed. 

(3) With the exception of the C,-S, beds the lithological 
sequence in the Western Mendips is essentially similar to 
that of the Avon Section. 

(4) Modiola-phase conditions in §, extended to the Western 
Mendips, but were not completely established there. 
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(5) The divergence from C,-S, conditions of the Avon is slightly 
less in the Western Mendips than at Burrington. cy 

(6) Kj, B,and Z), hitherto unrecorded from the area, are proved 
to be exposed. 

(7) Conocardium sp. and Spiriferina (probably an early form 
Oe ensculpta’) have been recorded from a level low in y 


and Cyathophyllum @ from the lowest beds of C,. 


The writer expresses her thanks, for the help which they have 
kindly given, to Prof. S. H. Reynolds, Dr. Stanley Smith, Dr. F. 
S. Wallis, Dr. F. J. North, and Miss H. Wood, M.Sc. 


DIscUSSION ON TITE TWO FOREGOING PAPERs. 


Dr. J. W. Evans enquired as to the age of the dip or oblique 
faulting. Was it part of the movements that gave rise to the 
folding, in other words, tear-faulting ; or was it of a later date, and 
independent of the folding? In North Devon, and apparently in 
‘Cornwall, the north-west and south-east faulting appeared to be 
post-Triassic and probably of Tertiary age. 

Dr. E. GREENLY asked Miss Bamber whether the shattering 
which was confined to certain particular beds might possibly be 
contemporaneous, such as was found occasionally in the Thurso 
Flagstones and some other formations. And if not, then was the 
shattering accompanied by any signs of movement along the 
bedding-planes themselves ? 

Prof. A. Huperr Cox said that these papers contained many 
points of interest to himself, working as he was in a district not 
far removed from the areas covered by the two Authors. The 
“firestone’ mentioned by Dr. Wallis as occurring near the base ot 
‘S; was of interest, in view of a record of ‘firestone’ associated 
with limestone below the ‘ Millstone Grit’ of the Severn Tunnel. 
The speaker had recently enjoyed an opportunity of visiting the 
island of Steep Holme, and the lithological types there were similar 
to those mentioned by Miss Bamber as found in C, on Brean Down, 
even to the occurrence of similar ‘gasteropod’-beds. At Barry, 
-only a few miles distant, the limestones of the C Zone were almost 
all highly erinoidal. The underlying Z and C Beds resembled 
those described by Miss Bamber in containing abundant  inter- 
bedded chert. He congratulated the Authors on the results of 
their work. 

Prof. J. E. Marr and Prof. 8. H. Reynoxps also spoke. 

Miss Bameer replied that the north-west and south-east faulting 
in the Elborough Hill district had not been traced in the sur- 
rounding Dolomitie Conglomerate and Trias, in which exposures 
are poor. The fault is probably pre-Triassic. Very little evidence 
shad been observed to show whether the shattering of alternate 
beds in the north of Uphill Quarry was contemporaneous with, or 
subsequent to, deposition. The bedding-planes are very little 
-exposed, but there seems to be some slickensiding on them. 


Ist 
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The Lower CaRBONIFEROUS Succession im the Serrin 
Disrricr and along the Ltxu of the Craven Favrrs.. 
By Prof. Epmunp Jounstoy Garwoop, S8c.D., F.R.S., 
F.G.S., and Miss Eprru Goopyear, B.Se., F.G.S. (Read 
May 10th, 1922.) 
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I. Inrropvctron. 


THE district which is the subject of the present communication 


has 


(46) ! who, in his ‘Tlustrations of the Huttonian Theory’ published 
in 1802, alludes to a visit that he paid, with Lord Webb Seymour, 
to Chapel-le-Dale and Thornton Force, and describes the uncon- 
formity between the Carboniferous Limestone and the underlying 


slat 


Society in 1831, described and illustrated the succession of the: 
Carboniferous rocks which occupy the country between Peny- 
ghent and Kirkby Stephen. That paper, which shows a keen 
insight into the general structure of the district, was not printed 
in the Transactions until 1885. 


The same year saw the publication of John Phillips’s (44) 


clagsi 
the 
issu 
the 
dist 
divisi 


forming really an independent communication. It was impossible, 
however, 4 that so careful an observer should fail to notice that 


cert 


attracted the attention of geologists since the days of Playfair 


es. Sedgwick (50), in a paper read before the Geological 


sie work—‘ The Illustrations of the Geology of Yorkshire’ 

second part of which, ‘The Mountain Limestone District’, was. 
ed in the following year. Phillips confined his attention to 
lithological succession, and made no attempt to describe the 
sai atior of the fossils, or to make use of them for the sub- 
sion of the series, the paleontological portion of the work 


ain fossils were more abundant at some horizons than at others,. 


" Numerals in parentheses refer to the Bibliography, $ IX, p. 266. 
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and, although he does not allude to this fact in the work men- 
tioned above, it is evident that it did not entirely escape his 
notice: for, in his Presidential Address (45, pp. xxxvili-xxxix) to 
the Geological Society in 1860, we find the following passage :— 


‘A paleontologist finds the whole Carboniferous period one, though in it are 
several zones distinguishable by the prevalence of a few types, and by the 
paucity or absence of others—the maximum of marine life being about 
the top of the Scar Limestone or the base of the Yoredale Series.’ 


He was thus evidently struck by the richly fossiliferous develop- 
ment which everywhere characterizes the Lower Lonsdalia-Beds 
at the base of Dj. The chief result of his work, however, was 
to show that, in the northern and central portions of the area under 
consideration, the Lower Scar Limestone is succeeded by an upper 
division, consisting of shales and sandstones with intercalated 
limestones, his ‘ Yoredale Series’. In the south-eastern portion of 
the district, on the other hand, between Fountains Fell and 
Greenhow Hill, he realized that the calcareous development, 
normally confined to the Lower Scar Limestone Series, persisted 
into the period during which his Yoredale Beds were being de- 
posited in Wensleydale. 

In the official memoir on the Burnley Coalfield (60), issued in 
1875, a description is given of the Pendle Range and the Ribble 
Valley. The Lower Carboniferous deposits are here divided into 
two series:—The lower group (which includes the Clitheroe 
Limestone, the Shales-with-Limestone, and the Pendleside Lime- 
stone) is correlated tentatively with the Lower Scar or Great Scar 
Limestone north of the Faults; while the overlying Pendleside 
Grits and Bowland Shales are considered to be the equivalent 
of Phillips’s Yoredale Beds. 

Davis & Lees, in their account of West Yorkshire (18), published 
in 1878, while accepting the general subdivisions for the Carboni- 
ferous Series set out in the Geological Survey Memoir, include the 
Shales-with-Limestone in the Yoredale Series, and allude to the 
Pendleside Limestone under the term ‘ Yoredale Limestone’. They 
also note the development of dolomite in association with the 
faulting in the district. 

Between the years 1889 and 1892 appeared the three sheets of 
the Geological Survey Map—Nos. 50, 60, & 61, comprising the 
districts of Ingleborough, Settle, and Pateley Bridge. These 
admirable maps, chiefly the work of Tiddeman and Dakyns, give 
a clear representation of the geological structure of the district, 
and have been used as a basis for the more detailed zonal maps 
that have been prepared for the present paper. Of the memours 
which should accompany these three sheets only one: namely, 
that relating to the Ingleborough sheet, has so far been published. 
This includes a brief account of the Lower Carboniferous suc- 
cession, chiefly froma stratigraphical and lithological standpoint, as 
determined from certain selected exposures. Very little reference 
is made to the fauna, and no fossil lists are given. Several papers, 
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however, dealing with the areas included in Sheets 60 & 61 were 
published by Dakyns (4-10) between the years 1873 and 1899. 
R. H. Tiddeman, in a series of articles (61-70) published between 
1888 and 1900, called attention to the difference in the character 
and thickness of the rocks on the two sides of the Craven Faults. 
He drew up a table of the succession south of the faults for the 
meeting of the British Association at Newcastle in 1889. This 
succession was afterwards adopted for the Survey maps. He also 
described the interesting structures to which he gave the name 
“Inoll-reefs’, and discussed the origin and significance of their 
-associated breccias. He expressed the opinion that the marked 
«difference observable in the structure of the Carboniferous rocks 
on the two sides of the fault was due to disturbances which were 
taking place during their deposition. 

In 1899 Prof. J. E. Marr (39), in his paper on Limestone 
Knolls in the Craven District, suggested that ‘ knoll ’-structure 
‘could be produced by orogenic movements, but admitted that the 
typical ‘knolls’ that he had visited with Tiddeman did not 
furnish much direct information in support of his views. He also 
instituted a comparison between the deposits on the two sides of 
the faults, and pointed out that the fauna of the limestones north 
‘of the faults was little known, remarking (op. e7t. p. 850) that 
‘the list of fossils collected from the Lower Scar Limestone north of the fault 
is meagre, and there are practically no fossil-lists of the faunas of the 
individual limestones that occur between the top of the Lower Scar Limestone 
‘and the base of the ‘ Millstone Grit’. 

He suggests the following correlation for the series north and 
south of the fault (doe. eit.) :—- 


South Side. North Side. 
Millstone Grit. Millstone Grit. 
Bowland Shales. Shales above Upper Scar Limestone. 
Pendleside Limestone. Upper Scar Limestone. 
Shales-with-Limestones. Yoredale Shales-with-Limestones. 
Clitheroe Limestone. Lower Scar Limestone. 


Wheelton Hind, in 1901, in conjunction with Mr. J. A. Howe 
(28), published his views on the stratigraphical position of the 
Pendleside Group at Pendle Hill, defining that group as including 
the beds between the top of the Mountain Limestone and the 
series of grits known as the Millstone Grit. He considered that the 
lithological and the paleontological characters of these beds were 
entirely different from those of the Yoredale Series of Wensleydale 
and their homotaxial equivalents in the upper portion of the lime- 
stone massif elsewhere. He therefore placed them above the 
Yoredales, and included them in the Upper Carboniferous Series. 
These views he had already foreshadowed in his paper on the 
Yoredale Series, published in the ‘Geological Magazine’ for 
1897 (22). 

Since 1906, numerous papers relating to the district have been 
published by the late Prof. T. McK. Hughes, Mr. Cosmo Johns, 
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Dr. A. Wilmore, Prof. P. F. Kendall, and the late Dr. A. Vaughan,,. 
reference to which will be found in the Bibliography on p. 266. 

In his interesting monograph on Ingleborough, Hughes (30) deals. 
almost exclusively with the lithological succession, and evidently 
doubts the possibility of establishing definite faunal horizons in 
the Carboniferous rocks of the area, for he remarks (p. 800 )— 
‘There is at the present time a “‘boom” on zoning..... The next 
stage will be a boom on “ unzoning.” ’ 

Dr. Wilmore (75-79) has done valuable work in collecting from 
the rocks on the south side of the faults, and has suggested a broad 
correlation of the more important exposures with Vaughan’s 
Bristol succession. The horizons, however, of these isolated 
exposures cannot be satisfactorily employed for correlation with 
the succession north of the faults, until detailed zonal mapping of: 
the area has been undertaken. 

Mr. Cosmo Johns (31-35) discusses several interesting problems: 
connected with the succession north of the faults, notably the 
horizon of the Basement Conglomerate in Chapel-le-Dale, and the 
presence of minor dislocations in the area between the faults. He. 
suggests a modified classification of the Yoredale Series, and 
supports Prof. Marr’s correlation of the succession on the two 
sides of the faults. 

At the British Association meeting at York (1906), a provisional’ 
correlation of the Carboniferous rocks of the Settle area with the- 
succession in Westmorland was suggested by one of us (KE. J. G., 
17-18) ; but, in the absence of detailed mapping, this correlation: 
could only be put forward on broad lines, and no southern limits. 
could be assigned to the North-Western Province facies. 


From a study of the works enumerated above it will be seen: 
that the district still contained several problems of interest 
awaiting solution. Thus, the absence of detailed faunal lists from 
the succession north of the faults has been commented upon by 
several writers, and the exact position where the change from the- 
northern to the southern type of development occurs had not been 
determined ; while the presence of knoll-reef structures in the 
district south of the faults, and their absence on the north was. 
attributed, on the one hand, to the original mode of deposition, 
and, on the other, to subsequent earth-movements. 

In the present communication an attempt has been made, by 
detailed mapping of the faunal horizons, to obtain more reliable- 
material for a fuller discussion of these outstanding problems. 

The portion of the district which has been mapped in detail is. 
bounded on the north by a line drawn east and west through 
Ribblehead, and on the south by the Middle Craven Fault: on the- 
west by the Dent Fault, and on the east by the valley of the- 
Skirfare (Littondale) and its continuation in the Upper Wharfe- 
between Kilnsey and Grassington. Over this area definite faunal 
zones have been established, the general succession of the North- 
Western Province has been traced to its southernmost limit, and_ 
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the exact position where the change to the southern facies occurs 
lias been ascertained. South of the Middle Craven Fault the 
southern type of development has been investigated over a small 
area in the district between Settle and Malham bordering on the 
fault, and an attempt has been made to correlate the succession 
here with the zonal development north of the faults. 

A brief account of the easternmost exposure of the limestone 
massif between Greenhow Hill and Pateley Bridge is appended, 
in view of the evidence regarding the origin of the knoll-reet 
structures afforded by this district. 

A word may be : said here with regard to the nomenclature of the 
Craven Faults. Sedgwick (50) apparently recognized only one 
fault. John Phillips | (44) appears to have been the first to name 
these faults in a published work. In the map accompanying his 
‘Illustrations of the Geology of Yorkshire’ the northern fault is 
named the North Craven Fault, while his South Craven 
Fault begins north of Austwick, and is continued past Settle 
towards Malham. 

R. H. Tiddeman mapped an additional fault running  south- 
eastwards from Settle towards Skipton, of which he speaks as the 
South Craven Fault, and he included the whole of the line of 
faulting from Ingleton to Gordale, or beyond, in his Middle 
Craven Fault (62 , p- 600). These terms are adopted by Prof. 
Marr in his paper on the Limestone Knolls (39, p. 851). He also 
ealls attention to a further east-and-west fault lying north of 
the Geological Survey’s Middle Craven Fault along the foot of 
Attermire and Beacon Scars, which he suggests may represent 
the main fault (39, p. 253). 

Prof. P. F. Kendall speaks of Tiddeman’s Middle Craven 
Fault as the Outer Craven Fault (86, pp. 54 & 56). 

Other writers speak of one or other of the faults indifferently as 
the Great Fault, Hughes (30, p. 187) applying the term to the 
north and Dr. A. Wilmore to the Middle Fault. The last-named 
speaks of the Carboniferous Limestone south of the Craven Fault 
(76, p. 539), evidently alluding to Tiddeman’s Middle Craven 
Fault. 

In the present paper, in order to prevent confusion, we shall 
speak of the fault running from Ingleton to the neighbourhood of 
Skipton as the South Craven Fault, and limit the term 
Middle Craven Fault to the portion running from a little 
east of Settle, past Malham and Gordale, to the neighbourhood 
-of Bordley Hall. The northern fault will be called the North 
Craven Fault. 


During the progress of the work we have received much kind 
assistance from fellow-workers interested in the paleontology of 
the Carboniferous rocks: in particular, we wish to record our 
indebtedness to Mr. R. G. Carruthers, whose special knowledge of 
the Carboniferous cup-corals has been generously placed at our 
disposal, and who has named many of our specimens; to Miss 
-Muir- Wood, who has devoted much time to the determination of 
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the Producti; to Mr. W. S. Bisat for naming several of the 
Goniatites; and to Miss Madeline Munro, who has assisted in the 
determination of the bryozoa. We also wish to express our thanks 
to Dr. W. D. Lang for kind criticism and advice in connexion with 
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Il. THe Disrricr Norru or tre Favrrs. 


This district comprises the area north of the Craven Faults and 
east of the Dent Fault, including the well-known eminences of 
Whernside, Ingleborough, and Penyghent. The faunal horizons 
have been carefully traced over the portion of this district lying 
east of Whernside as far north as a line passing east and west 
through Ribblehead, and their general disposition is shown on the 
accompanying map (Pl. XX). The area is entirely free from 
important disturbances, and the beds lie all but horizontally. The 
district forms the southern portion of the area recently described 
by Prof. J. HE. Marr as the ‘rigid block’ (40). 

Some difficulty occurs in the accurate representation of the 
zonal boundaries, owing to the superficial covering of drift. As, 
however, the object of the work is to prove the general continuation 
of the Westmorland succession into West Yorkshire, any inac- 
curacies in representing the outcrop of individual horizons in drift- 
covered areas will not affect the general conclusions. 

The Lower Carboniferous rocks in the whole of the district north 
of the Craven Faults belong essentially to the North-Western 
Province facies, and form a direct continuation of the Westmorland 
succession: and the provisional correlation given by one of us at 
the meeting of the British Association at York in 1906 (18) has 
been found to hold generally over the area. The succession 
includes the horizons from the Wichelinia Zone to the summit of 
the ‘ Main’ or ‘Great’ Limestone, and appears to include the 
ereater portion of Principal T. F. Sibly’s D3, of Derbyshire. The 

beds, therefore, belong entirely to the Viséan or upper portion of 
the Dinantian, as now usually defined. The highest limestones, 
however, which occur above the ‘ Main’ Limestone in Wensleydale 
do not appear to be developed here. The fauna of the Lower 
Dibunophyllum sub-zone and that of the Upper Yoredales are 
scanty ; and the Yoredale Beds generally (in particular the inter- 
calated shales) show an attenuated development, when compared 
with Phillips’s type-district in Wensleydale. The base of the 
succession also shows considerable variation locally, owing to 
overlap on to the irregular surface of the pre-Carboniferous floor, 
the Michelinia Zone, and sometimes the whole of the succes- 
sion below the Nematophyllum-minus Beds is absent, especially 
over the district east of Crummack, although they reappear in 
Upper Wharfedale. Over thus district also conglomerates are 
usually absent or insignificant, so that, at the period when the 


190 PROF. GARWOOD AND MISS GOODYEAR ON THE [Vvol. Ixxx, 


N.-minus Beds were laid down, the Devonian continent must have 
been almost entirely submerged. This rapid submergence in 
N.-minus times was not limited to West Yorkshire, but is traceable 
also in Upper Teesdale and round the northern and western portion 
of the Lake District (15), pointing to the presence of an extensive 
peneplain over which submergence was practically contemporaneous. 
In one place only, namely, under Horton Lime-Works in Ribbles- 
dale, have beds older than the Michelinia Zone of Westmorland 
been met with. Here a thin mudstone, containing a freshwater 
fauna with Viviparus carbonarius (21), was exposed during the 
opening of the quarry in 1889. The bed occupied a depression 
in the surface of the upturned Silurian slates, and appears to 
represent a deposit laid down in a pond on the surface of the 
Devonian continent. It is overlain by a thin black limestone, 
containing a marine fauna rich in lamellibranchs. 


The Michelinia Zone. 


The beds of this zone constitute the oldest marine Carboniferous 
rocks met with in the district under review.! ‘They occur in the 
form of inliers bordering the sides of the valleys in Kingsdale, 
Chapel-le-Dale, and Wharfedale, and they must also presumably 
be present in Clapham Beck, but the index-fossil has not been 
found there.2 The beds are now exposed at the surface, chiefly as 
the result of the denudation which followed the uplift on the 
north side of the North Craven Fault, although the exposure in 
Wharfedale is also due to the presence of a shallow anticlinal fold 
which crosses the river at about three-quarters of a mile south- 
south-east of Kilnsey Crag. 

In the first four localities mentioned the beds rest on the 
denuded surface of the pre-Carboniferous rocks, and the zone 
includes the conglomerate which here usually occurs at the base of 
the Carboniferous System. These basement-beds were noticed by 
several of the older geologists, including Playfair (46), Sedgwick 
(50), and John Phillips (44) ; while in more recent times their 
detailed lithology has been studied by several writers, especially 
the sections in Chapel-le-Dale, which were fully described by 
T. McKenny Hughes (30). A few of the fossils which they 
contain were described by Mr. Cosmo Johns and the late Arthur 
Vaughan (31). 

These beds undoubtedly represent a portion at least of the 
Michelinia Lone of Westmorland, though they are considerably 
reduced in thickness, and are difficult to separate from the base of 
the overlying zone. Where the beds are best developed, as in 
Kingsdale and at Nappa Scar, two horizons containing Michelinia 


1 Omitting the Lamellibranch-Bed which overlies the Paludina Mudstone 
at Horton. 


2 We should like to record here our thanks to Mr. J. A. Farrer, of Ingle- 


porough, Clapham, for his kind permission to examine these beds in Clapham 
Beek. 
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may sometimes be distinguished: namely, a lower grey limestone, 
often false-bedded, containing numerous layers of pebbles of 
Silurian and Ingletonian rocks, and an upper darker and more 
earthy limestone from which pebbles are usually absent, except 
where these beds rest directly on the Lower Paleozoic floor.! 

The lower grey limestone is well exposed above Pecca Falls 
(marked Old Quarry on the 6-inch map), where it contains re- 
mains of Michelinia grandis and Chonetes carinata. The corals 
and shells are in rather a fragmentary condition, as might be ex- 
pected from the current-bedded character of the deposit. One large 
specimen of JZ. grandis may, however, be seen in the face of the 
quarry in an inverted position, a phenomenon not uncommon also 
in the Shap district. Several other species characteristic of the 
zone in Westmorland have been collected here. The occurrence of 
Camarophoria isorhyncha associated with Chonetes carinata is 
interesting, as in Westmorland and in North Lancashire C. zso- 
rhyncha 1s characteristic of the lower grey limestone, while 
Ch. carinata is contined to the upper earthy and shaly beds 
(=Arnside Beds). It is possible, therefore, that this lower grey 
limestone may represent both portions of the zone as developed in 
Westmorland. At Nappa Scar, under Norber Brow, the grey 
limestone reaches a thickness of about 50 feet. The lowest 5 feet 
are unfossiliferous ; but the pebbly limestone above contains the 
same fauna as the beds below Thornton Force, including rare 
examples of C. isorhyncha. The fossils here are, on the whole. 
less fragmentary; but some of those embedded in the original 
matrix appear to occur in the form of pebbles. This would seem 
to point to the destruction of an earlier deposit subsequent to its 
consolidation, and the incorporation of fragments derived from it as 
pebbles in a deposit of slightly later date. Such an interpretation 
would account for the association of C. ¢sorhyncha with Ch. cari- 
nata mentioned above. Whether this earlier deposit was laid 
down in the neighbourhood, and subsequently denuded as the 
result of oscillation of the sea-floor, or whether the pebbles were 
brought from outside the district it is not possible to determine. 
The upper dark limestone overlies the lower grey limestone 
wherever) this is present; but in Chapel-le-Dale, in Jenkin Beck, 
and east of Norber Sike (Nappa Scar), it usually overlaps, so as to 
rest in places directly on the Lower Paleozoic floor. This upper 
limestone contains J. grandis and Ch. carinata, but these are 
associated with Lithostrotion martini, and would therefore appear 
to represent passage-beds up into the overlying Productus corru- 
gato-hemisphericus Zone. In Westmorland these passage-beds 
are marked by a band containing Zaphrentis enniskilleni, Clisio- 
phyllum multiseptatum, and Cyathophylium multilamellatum, 
together with abundant specimens of Caninea cylindrica; and it 


1 Under the term ‘ Lower Paleozoic floor’ we include the Ingletonian rocks 
described by Dr. R. H. Rastall (47), which, though possibly older, are 
assigned by the officers of the Geological Survey to the Ordovician. 


Q. J.G.S. No. 318. o 
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is noteworthy that these forms also occur at the top of the 
Michelinia Gone in West Yorkshire, associated with specimens of 
Clistophyllum ingletonense (73). 

The following isa list of the fauna collected from the Michelinia 
Zone, which crops out in the district north of the faults :-— 


Species marked (*) are found in the lower grey limestone, and those marked 
(c) are fairly common. 


*Caninia cylindrica (Scouler). *Camarophoria isorhyncha 


Caninia subibicina M‘Coy. | (Phillips). 
eClisiophyllum ingletonense | e Productus ef. corrugato-hemi- 
Vaughan. sphericus Vaughan. 
Diphyphyllum aff. latesep- | Overtonia fimbriata (Sowerby). 
tatum M‘Coy. ** Orthotetes’ sp. 
¢ Lithostrotion martini Hdwards *Rhynchotreta sp. 
& Haime. | *Syringothyris cuspidata (Phil- 
*Lophophyllam sp. lips). 


Michelinia grandis M‘Coy. Seminula cf. ambigua (Phillips). 
Zaphrentis sp. | *Spirifer sp. 
Zaphrentis konincki var. Bellerophon ef. — costatus 
kentensis Garwood. Sowerby, as figured by 
e Syringopora geniculata Phillips. | L. G. de Koninck. 
) 
*Athyris ewpansa (Phillips). | * Nautilus sp. 
**e Chonetes carinata Garwood, | Leperditia sp. 


Chonetes papilionacea Phillips. | 


The Michelinia Zone in Upper Wharfedale. 


An interesting result of the zonal mapping of the area is the 
discovery of.an inlier of the Wichelinia Zone in the River Wharfe 
Delow Kilnsey Crag. The beds are here brought to the surface by 
an east-to-west anticlinal fold. The outcrop, which represents the 
northern limb of the anticline, forms a small cataract in the river, 
locally known as Mill Sear Lash. The lowest beds here consist 
of dark earthy limestone, and contain both Michelinia grandis 
and Chonetes carinata; while the beds above are characterized by 
abundant remains of Lithostrotion martini, representing the base 
of the overlying Productus Beds (S,). The base of the Carboni- 
ferous is not seen here, and there is no conglomerate; but the 
underlying Lower Paleozoic rocks are probably not far off, and 
may occur in the river-bed close by, under the covering of drift 
and alluvium. The presence of an outcrop of Lower Paleozoic 
rocks in Upper Wharfedale is suggested by the occurrence of 
boulders of Lower Paleozoic grits aud slates in the neighbourhood 
of Threshtield. Dakyns was also struck by the limited occurrence 
of these boulders, and suggested that Silurian deposits may oceur 
at the base of Kilnsey Crag and in the lower part of Littondale 
where springs reach the surface (5). 

The discovery of the Mchelinia Zone in Wharfedale, which 
everywhere else east of the Dent Fault forms the lowest zone in 
the Carboniferous succession, renders it highly probable that 
Dakyns’s suggestion of the occurrence of an outcrop of Lower 
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Palxozoic rocks in Upper Wharfedale in pre-Glacial times is 
‘correct. 

The fact that the deposits of the Wichelinia Zone are limited 
to the neighbourhood of the North Craven Fault points to the 
presence of an old shore-line at this period running in a general 
north-westerly and south-easterly direction, which passed through 
‘Chapel-le-Dale, east of Twistleton Dale House, through Crummack 
Dale north of Norber Sike, and skirted the southern end of 
Moughton. 'The remains of this shore-line can still be traced in 
the ridge of pre-Carboniferous rocks which in Chapel-le-Dale and 
Crummack Dale project up into the base of the Carboniferous Lime- 
stone. Kverywhere north-east of this shore-line the Wehelinia 
Beds are absent, and the oldest deposits met with resting on the 
pre-Carboniferous floor belong, as a rule, to the Mematophyllum- 
minus sub-zone. 

South-west of this ridge the MWichelinia sea spread unin- 
terruptedly across the present line of the North Craven Fault in 
the neighbourhood of the Ribble Valley, as shown by the occurrence 
of beds of this age in the district between the faults, where they 
attain their greatest development. Between the Ribble and the 
Wharfe no rocks older than the WV.-minus sub-zone oecur, until we 
reach the inher of the Jchelinia Beds in Upper Wharfedale. 
North-west of Kingsdale the /ichelinia Zone occurs at two points 
along the east side of the Dent Fault, as already described (19) : 
namely, in Norgill and Pennyfarm Gill. Farther west the 
Michelinia sea spread over Westmorland and Furness, where the 
zone appears to have reached its maximum development. 

The beds containing JZ. grandis in West Yorkshire north of the 
‘Craven Faults may be correlated generally with the 6 horizon of 
the South-Western Province. 


The Productus corrugato-hemisphericus Zoue. 


The beds of this zone in West Yorkshire succeed the Wichelinia 
Zone, where it is present, but locally form the lowest portion of 
the limestone massif where the JZ¢ichelinia Beds are absent, when 
they rest directly upon the Lower Palaevuzoic floor. 

As in Westmorland, three divisions may be recognized: namely, 
the Gastropod Beds (S,) at the base; a middle division with 
Cyrtina carbonaria; and an upper division with Nematophyllum 
minus (Sj). The middle division is, however, very poorly developed 
in West Yorkshire, although the index-fossil has been found ina few 
places. The upper division, on the other hand, is, as a rule, well 
developed, except locally, where ridges of pre-Carboniferous rocks 
remained above the surface of the sea during the earlier part of 
the period. As in Westmorland, the term ‘Semznula Zone’ is 
inappropriate for these beds in West Yorkshire; for this genus is 
very rarely met with except near the base, and we prefer to retain 
the appellation ‘ Productus corrugato-hemisphericus Gone’, so as 
to mark the affinity of this hovizon with beds of the ecsimarane 

oO - 
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succession. There is, however, no doubt that these beds are the 
equivalent of the ‘S’ Zone of the Bristol district. 


The Gastropod Beds.—These beds form a succession of 
hard dark limestones, with earthy and shaly partings, which 
directly succeed the beds of the Michelinia Zone wherever these: 
are present. They are well exposed above Thornton Force, and 
also along both flanks of Chapel-le-Dale and under Norber Brow. 
They are here taken as including the passage-beds containing 
Clisiophyllum ingletonense mentioned above, which represent the 
Clisiophyllum Band of Arnside and Blackstone Point. The beds: 
are characterized by well-preserved specimens of Athyris expansa, 
Schellwienella crenistria, and small early forms of Chonetes pa- 
pilionacea, together with occasional specimens of Bellerophon 
hiulcus. They usually include a thin layer containing Seminula 
a short distance above their base; but, as in Westmorland, there 
is no species that is particularly characteristic of this sub-zone, 
and, although it is convenient to retain the name ‘Gastropod Beds” 
applied to this horizon farther north, it is not especially applicable 
to this horizon in West Yorkshire. 

The upper limit of the sub-zone is difficult to determine, as dark 
limestones continue up into the overlying beds. It has been found 
convenient, therefore, to represent all the beds of the zone by a 
single colour on the map. ‘The average thickness of the sub-zone: 
may be taken at about 100 feet, but in Chapel-le-Dale this will 
probably include a portion of the overlying beds. 


The Cyrtina-carbonaria Sub-zone.—The development of 
this sub-zone in West Yorkshire is, as already stated, singularly 
poor. It is interesting, however, to be able to record the occur- 
rence of this zonal species in the area east of the Dent Fault, as it 
emphasizes the general similarity of the succession with that of 
Westmorland. No specimen has been found in Chapel-le-Dale or 
Kingsdale, but the species has been collected in three localities. 
farther east: namely, at Austwick Beck Head in Crummack. 
Dale, and also on both sides of Ribblesdale near Horton. In 
Crummack Dale it occurs in a thinly-bedded fossiliferous layer 
immediately above the base of the Carboniferous Limestone; while, 
on the west side of the Ribble, it has been found in a crushed 
condition in a thin layer of caleareous shale, which rests on the 
Silurian rocks in the floor of Horton Lime-Quarry. On the east 
side of the Ribble well-preserved specimens occur, associated with a 
small Productus, Seminula, and ‘ Orthotetes’, in a compact black 
limestone some 80 feet above the conglomerate in Dub. Cote Gill; 
and the same band has also been met with half a mile farther: 
north at Douk Gill, and in the old quarry nearer Dub Cote Farm. 
In all these localities the Cyrtina-carbonaria Beds are immediately 
succeeded by dark grey limestone containing specimens of Nemato- 
phyllum minus. hese three exposures occur along a line running 
nearly due east and west, and oceupy a narrow valley-like depression 
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excavated in the floor of the Lower Palozoie rocks. This 
<lepression probably formed a strait which was connected with the 
sea on the west, in which the Cyrtina-carbonaria Beds were being 
laid down in the Ravenstonedale, Shap, and Kendal districts. If 
continued to the west of Crummack Dale along the same line, this 
depression would pass south of Ingleton; and this fact may 
account for the absence of Cyrtina carbonaria from Chapel-le- 
Dale and Kingsdale. 


The Nematophyllum-minus Sub-zone.—As stated else- 
where (19, p. 472), the horizon from which Llwydd obtained his 
type-specimen of Lithostrotion basaltiforme is unknown, and the 
name is applicable to several species of prismatie Lithostrotion. 
For zonal purposes, therefore, we will refer to the species which 
characterizes this portion of the succession throughout West- 
morland and West Yorkshire as Mematophyllum minus M‘Coy, 
since M‘Coy’s type was obtained from this horizon on Scout 
Sear, Kendal, and there can be no doubt as to the species 
intended, or as to the horizon at which it occurs. This sub-zone 
forms one of the most widespread horizons of the succession in 
West Yorkshire, for it was at this period that the final sub- 
mergence of the pre-Carboniferous land-surface took place. In 
Kingsdale, Chapel-le-Dale, and on Norber Brow it succeeds the 
Gastropod Beds (S,); while in Ribblesdale and at the head of 
Crummack Dale, it rests locally upon the Cyrtina-carbonaria 
Beds which occupy the depression described above. Everywhere 
else, however, where the base of the sub-zone is exposed north of 
the faults, it overlaps on to the denuded surface of the Lower 
Paleozoic rocks. This relation is well seen at the head of Chapel- 
le-Dale, near God’s Bridge, and round the east side of Crummack 
Dale; while in Ribblesdale it is well exposed round the foot of 
Moughton Scar and at Coomb’s Quarry. East of Ribblesdale it 
again forms the base of the Carboniferous in Silverdale near 
Sannet Hall, and also in Gordale Beck above New Street Gate. 
In all these places the base of the Carboniferous is marked by 
small reef-like growths of Nematophyllum minus. The thickness 
of the sub-zone, where it rests upon the Cyrtina-carbonaria Beds 
and reaches its full development, is about 230 feet. Lithologically 
the beds consist of two portions: the lower being composed of 
dark-grey limestone, which is succeeded by a pale-grey or buff- 
coloured rock. The transition between the two portions is 
abrupt, and at first sight would appear to mark an important 
change in the succession ; but their fauna is similar, and Nemato- 
phyllum minus occurs in both. The darker colour of the lower 
beds appears to be due to the presence of land in the immediate 
neighbourhood supplying fine detrital material, and this view is 
confirmed by the presence of layers of small pebbles of Silurian 
rock which occur up to 20 feet above the base of the deposit 
in Coomb’s Quarry. The pale buff-coloured limestone above, 
on the other hand, appears to have been deposited in clearer 
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water after all land had been submerged in the neighbourhood, 
and shows no sign of admixture of terrigenous material ; while- 
Silurian pebbles are absent, the beds being made up of fine 
comminuted caleareous débris, foraminifera, ete., in which the: 
larger fossils are embedded. The best exposures of these beds. 
occur on the west side of Ribblesdale, in Horton and Coomb’s 
(Quarries and in the Scars above. 

The lower dark limestone here contains abundant specimens of 
Nematophyllum minus and numerous examples of Bellerophon 
costatus. The dark limestone has a thickness of 30 feet, while the 
overlying buff-coloured limestone, measured up to the Porcellanous 
Bed described below, is 170 feet thick, giving a total thickness for 
the V.-minus Beds of 200 feet. On the east side of the Ribble, 
above Dub Cote, the thickness is again 200 feet; while in Chapel- 
le-Dale, above T'wistleton Dale Hall, where the full development 
of the sub-zone is observed, it reaches a thickness of 220 to 230» 
feet. The fauna of this sub-zone is not rich, but is similar to that 
which characterizes the same horizon in Westmorland, Prodiuclius 
corrugato-hemisphericus occurring throughout; while a large: 
form of Jacrochilina las been found in these beds, both at 
Horton and in Upper Gordale. About 25 to 30 feet below the 
summit occurs a layer containing large specimens of Chonetes 
papilionacea associated with the highest specimens of WV. ménors, 
here characterized by the large size of the corallites. This layer: 
appears to be the attenuated representative of the beds containmg 
abundant Ch. papilionacea on Arnside Knott. 


The Dibunophyllum Zoue. 


The Porcellanous Bed.—The line of division between the: 
Productus corrugato-hemisphericus Zone and the overlying 
Dibunophyllum Zoue is not so well marked in Yorkshire as it is- 
in Westmorland, where the presence of a definite faunal horizon 
(‘the Bryozoa Band’) affords a good datum-line for mapping. 
This band has not been met with east of the Dent Fault, and the 
two zones therefore merge one into the other, the difficulty of 
separating them being increased by the scarcity of fossils in the- 
lower portion of the D, sub-zone. Fortunately, however, the 
lithological characters afford a means of determining the positiom 
of the junction-line in many parts of the Yorkshire area. In the: 
Shap district the Bryozoa Band is associated with a marked 
‘porcellanous’ bed or china-stone (calcite-mudstone of Mr. 
K. E. L. Dixon), characterized by definite macroscopic and micro- 
scopic characters and especially by an abundance of Caledsphere- 
(19, p. 473). An exactly similar bed of china-stone, 2 to 3 fect 
thick, occurs in West Yorkshire in the district north of the faults. 
It lies 25 to 30 feet above the layer of Chonetes papilionacea men- 
tioned already. This Porcellanous Bed lies about 300 feet above 
the top of the Wichelinia Zone in Kingsdale, so that the maximum: 
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thickness of the P. corrugato-hemisphericus Zone in West York- 
shire may be taken as 300 feet. It is well exposed on both sides 
of Chapel-le-Dale, at Crina Bottom, round the head of Crammack 
Dale, and on the west side of Ribblesdale between Coomb’s Quarry 
and Selside. It can also be traced for some distance along the 
east side of Ribblesdale near Horton, and farther north at Low 
Birkwith; but it is poorly developed round the southern end of 
Moughton and in Silverdale. The underlying layer with Ch. papi- 
Zionacea can, however, be identified in both these localities, and 
the base of the Dibunophyllum Zone is, therefore, represented on 
the map (Pl. XX) as being 25 feet above this layer. This band, 
in addition to its porcellanous texture, is characterized by the in- 
filling of the shrinkage-cracks and cavities with slightly darker 
crystalline calcite.! 

Above Horton Quarry the beds contain young specimens of 
Nautilus and Orthoceras, together with numerous small gastropods, 
the interiors of which are filled with a similar deposit of crystalline 
calcite. Under the microscope the rock is seen to be composed of 
very fine-grained crystalline mud, in which are embedded abundant 
remains of Calcisphere and occasional foraminifera, some of the 
Caleisphere retaining traces of reticulate tests (19, pl. xlvii, 
fig. 4°). 

As usual in the North of England, this zone may be divided 
lithologically into two portions—a lower massive limestone and an 
upper series of limestones, sandstones, and shales—the ‘ Yoredale ” 
Series of Phillips. These two lithological divisions correspond in 
general to a subdivision on broad paleontological grounds, the 
lower massive limestone being characterized by the occurrence of 
Cyathophyllum murchisoni throughout; while the upper complex 
represents the period during which Lonsdalia floriformis and 
Productus giganteus and their variants flourished in the district. 

This zone includes D, and D, of the Avon sequence, and at least 
a portion of D, of Derbyshire. The beds in Derbyshire, however, 
were laid down under somewhat different conditions, and it is not 
possible, at present, to say exactly where the line between D, and 
D, should be drawn in West Yorkshire; although, from general 
considerations, it appears to lie about the horizon of the Orionastrea 
Band, or slightly higher. In the circumstances, we consider it best 
to treat the Yoredale Beds and the underlying Lower Lonsdalia 
Beds as a unit, under the denomination Lonsdalia sub-zone. 
In the case of the lower division again, although there can be 
no doubt regarding its equivalence to the Lower Dibunophyllum 
sub-zone of the South-Western and North-Western Provinces, 
there is so remarkable an absence of the index-fossil over the 
greater part of the district that we prefer to speak of these beds 
in West Yorkshire as the equivalent of the Cyathophyllum- 
murchisont sub-zone of Westmorland. 


1 A somewhat similar structure in the Avon section has been referred to 
a boring animal (49, p. 457). 
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The Dibunophyllum ZLone occupies a large part of the area north 
of the North Craven Fault, especially in the central and northern 
regions; and the famous hills of the district—Whernside, Ingle- 
borough, Penyghent, and Fountains Fell, are formed of beds of 
this age. 


The Cyathophyllum-murchisont Sub-zone (D,).—The 
beds of this sub-zone form the upper part of the limestone massif 
throughout the district. Owing to their purity and freedom from 
insoluble material and to the presence of master-joints, they give 
rise to the well-known ‘ Karst’ conditions: that is, limestone 
pavements, grikes, and pot-holes, for which the region is celebrated 
(11, 30, 83)... These conditions are admirably displayed on the 
plateau surrounding the base of Ingleborough, and it is a note- 
worthy fact that the majority of the pots which swallow the 
surface-drainage from the Yoredale Beds above are situated in or 
close to the Gzrvanella nodular band that marks the summit of 
this sub-zone. This is the case at Alum Pot Guill, Long Kin, 
Gaping Ghyll, Mere Gill, and the pots dedicated to Tatham’s 
Wite and Braithwaite’s Wife. Again, on Penyghent, Hunt Pot, 
Hull Pot, Jackdaw Hole, and Browgill Pot are all situated at the 
junction of D, and D,. The base of the sub-zone is taken at the 
Porcellanous Bed described above, while the summit lies immedi- 
ately below the Gzrvanella nodular band, which everywhere in 
the North of England forms the base of D,. The average thick- 
ness of the sub-zone is 250 to 280 feet, and the beds consist, for 
the greater part, of a compact, blue-grey limestone with a slightly 
purplish tint, which varies in depth of colour from bed to bed. In 
places, especially in the upper portion, the rock takes on the 
character of a pseudo-breccia, and may become ‘spotted’; but this 
feature is not so pronounced as in the case of beds of this sub-zone 
in Westmorland (19, p. 475). Shaly beds are, as a rule, entirely 
absent; but a thin band of ferruginous mudstone resembling 
underclay occurs at this horizon (in the old quarries on the Midland 
Railway, near Ribblehead Station), a short distance above the 
Cyrtina-septosa Band, while a similar mudstone crops out at the 
head of the small beck immediately east of the Station Inn (11). 

On the whole, however, the lithological characters are generally 
similar to those of the beds of D, age west and north of the Dent 
Fault, and the fauna is also similar but exceedingly scanty (20, 
p- 24 et segqg.). Yet towards the summita band occurs, often 
crowded with fossils, which is especially characterized by the 
abundance of specimens of Cyrtina septosa and OChonetes comoides. 

The Cyrtina-septosa Band oceurs about 80 to 100 feet below 
the summit of the sub-zone. It may be directly correlated with 
the band containing C. septosa and Ch. comoides in the Shap, 
Grange, and Silverdale districts (19, p. 479). The index-fossil 
appears to range through some 25 to 80 feet of rock; but it is 


* See especially (11) pp. 34-40. 
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‘only in the highest layer that it becomes really abundant, and it 
is this horizon that has been traced on the accompanying map 
(Pl XX). Occasionally, a second fossiliferous layer may occur 
‘about 20 feet below the top of the band ; but, as a rule, there is 
no difficulty in locating the higher horizon in the field. As in 
Westmorland, the index-fossil is associated with abundant remains 
‘of Chonetes comoides, Cyathophyllum murchisoni, Dibuno- 
phyllum vaughani (Dibunophyllum #@ Vaughan, p. 259), and large 
‘spherical masses of Alveolites capillaris: a few examples of Pro- 
ductus striatus have also been collected, while P. hemisphericus 
and Syringopora spp. are usually abundant. The band often 
gives rise to terraces, capped by a small escarpment formed of 
the overlying massive pseudo-breecia bed, and is then frequently 
obseured by turf. Typical exposures may be seen round Sulber 
‘Gate and on the flats north of it, also on both sides of Chapel-le- 
Dale; but perhaps the best exposure of all occurs in the old 
quarry on the side of Horton Lane under Penyghent, about two- 
thirds of a mile south-west of Hull Pot. The band has, however, 
been identified over practically the whole area north of the faults. 
In Upper Wharfedale this band is fr equently dolomitized, and the 
fossils are then preserved as casts. Thisis the caseat Mr. Delany’s 
quarry at Threshfield, where the rock crops out close to the North 
‘Craven Fault, and forms one of the best beds of dolomite in the 
North of England. Again, above Kettlewell there is a good ex- 
posure at this horizon in dolomite on the 1075-foot contour due 
east of the village. The band crosses the Wharfe at Ghaistrills 
‘Strid half a mile north-north-west of Grassington railway-station ; 
but it 1s not well exposed in this area, and has not been mapped in 
detail. There can, however, be no doubt that it occupies its usual 
horizon throughout the district, the easternmost exposure met with 
being at Greenhow Hill, about 4 miles west of Pateley Bridge. The 
upper beds of the D, sub-zone, overlying the Cyrtina- -septosa Band, 
have an average thickness of 60 to 80 feet, and consist usually of 
massive beds of pseudo-breccia separated by thinly-bedded crinoidal 
limestone. These massive beds give rise to a succession of low 
escarpments, which are well seen on the north-western flank of 
Ingleborough above the Hill Inn, and along Twistleton Scars. 
‘They also oceur round the southern end of Penyghent and else- 
where in the district, where they form the well-known lmestone- 
pavement traversed ‘by grikes. For a short distance above the 
Cyrtina-septosa Band the beds are as a rule fairly fossiliferous, 
and Productus hemisphericus and P. ef. ma: vimus) are locally 

-abundant.? 


1 See (19) p. 570. 

> It is probable that the type species of P. hemisphericus, figured in 
Sowerby’s ‘ Mineral Conchology ’ fig. 328, came from this horizon in the Settle 
district. For a general list of the fossils occurring in this sub-zone the 
reader may consult the table given in (20) p. 24. 
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The Lonsdalia-floriformis (or Productus-giganteus) 
Sub-zone.—This division in West Yorkshire includes the whole of 
Phillips’s ‘ Yoredale Series’, together with a small thickness of the- 
underlying limestone massif, coloured as ‘ Great Scar’ Limestone on 
the Geological Survey maps. Something may be said here regard- 
ing the actual horizon which is taken as the base of the Yoredale 
Series in West Yorkshire on the Geological Survey maps. Over 
the Ingleborough and Penyghent district limestone deposits per- 
sisted into Lower D, times, so that the Girvanella Band and the 
Lower Lonsdalia Beds are frequently included with the Great Scar 
Limestone. Confusion is introduced by the fact that the top of 
the Great Scar Limestone is not mapped as a constant horizon, 
even in the same district. Thus, round Ingleborough, the top of 
the massif at the northern end is taken at about the level of the 
Girvanella Band; while, at Mere Gill, and Alum Pot Gill and 
elsewhere, it is taken at the base of the shale underlying the 
Hardraw Scar Limestone: and, on the west of Penyghent, even 
this latter limestone is included in the Great Scar Limestone 
massif on the Geological Survey Map. 


The Girvanella Nodular Band.—This important band 
has now been traced everywhere in the North of England, forming: 
a definite horizon at the base of Dj. It appears to mark the 
change in conditions which took place at this period, when elevation, 
occurred and the sea became suitable for the growth of calcareous 
alge. 

In West Yorkshire this band also marks the base of Dg, as it 
does in Westmorland and Laneashire. On account of its value as 
a stratigraphical horizon, it has been traced over the greater part 
of the area north of the faults, and its outcrop has been marked on 
the accompanying map (Pl. XX). It is identical in all respects 
with the band which has been described as occurring at this horizon 
in the area north and west of the Dent Fault (19, p.482). It was 
however noticed in Hull Pot Gill and below Farrer’s Shooting Box 
on the eastern flank of Ingleborough by T. MeKenny Hughes, who. 
alluded to the characteristic Girvanella nodules as ‘almond-shaped 
concretions’. ‘These nodules are limited to a few feet of rock, and 
occur crowded together in certain layers. The true Girvanella 
Band is composed of a compact black limestone, with occasional 
thin shaly partings almost devoid of other fossils, and weathers 
into a characteristic grey cement-stone unlike the beds immediately 
associated with it. The nodules, when freshly broken, usually 
show a deep brown colour, and porcellanous texture characteristic- 
of these algal growths; but, after weathering, they become pale 
grey, and show well-marked concentric banding, forming con- 
spicuous objects on the weathered surfaces. Under the microscope 
the Girvanella tubes are usually found to inelude two species 
of notably different size, often arranged concentrically, and fre- 
quently stained by iron salts. Although the band is exposed over~ 
a large part of the area, the following localities may be specially 
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mentioned :—on the western flank of Penyghent in Hull Pot Gill 
just on the edge of the pot, and also in the dry gill immediately west 
of it. Here the band is especially well exposed, and thin sections 
of the nodules from this role usually show well-preserved 
Girvanella tubes (Pl. XIX, figs. 1 & 2). Other good exposures 
occur under Penyghent in Jackdaw Hole, and in hag Gill Pot 
farther north. Round the north-western flank of Ingleborough, 

between Crina Bottom and Gauber High Pasture, fhe band is 
exposed almost continuously ; also in Alum Pot B eck, a little below 
Farrer’s Shooting Box. Again, it is seen south of Gaping Ghyll,. 
and in one or two pots above Runsear north of Ribblehead, in 
Klerback Gill, and immediately north of Bruntsecar Farm on the 
south-western flank of Whernside. In the eastern portion of the 
district the band has not been mapped in detail, but it is well 
developed in upper Wharfedale. 


The Girvanella Band is succeeded by a few feet of thinly- 
bedded dark crinoidal limestone, which in turn is overlain by more 
massive beds of cement-stone and earthy shale containing Prodic- 
tus giganteus, Lonsdalia floriformis, and Cyathophyllum regium, 
which we may define as the ‘ Lower Lonsdalia Beds’. This series 
of beds which, round Ingleborough, is about 30 feet thick, varies. 
somewhat in detail er place to place. On the whole, however, 
the general character of the Lower Lonsdalia Beds is similar 
throughout the district north of the faults, and resembles very 
closely the development at this horizon in Westmorland. The: 
fauna is also sumilar, but is decidedly richer and more abundant im 
West Yorkshire. In addition to the three species mentioned 
above, Productus sulcatus is especially characteristic ; while reef- 
building corals, notably Lithostrotion junceum, LL. maccoyanum, 
and Syringopora spp., together with species of Dibunophyllum, 
Aulophyllum, and Lophophyllum occur abundantly. 

The following is a list of the fauna collected from the Lower 
Lonsidalia Bete north of the Craven Faults :— 


Girvanella. Dibunophylliin aff. rugosum (M‘Coy). 
Nodules containing ‘bean’-shaped | Dibuwnophyllwm splendens Thomson. 
organisms. | Dibunophyllum aft. tarbinatum 

M‘Coy. 
Alveolites sp. _ Diphyphyllum gracile M‘Coy. 
Amplexus sp. nov. | Diphyphyllum lateseptatwm M'‘Coy. 
Aulophyllum fungites Hdwards & Lithostrotion junceum Fleming. 
Haime. | Lithostrotion maccoyanum Edwards 
Aulophyllum concentricum sp.nov. & Haime. 
Caninia juddi Thomson. _ Lithostrotion portlocki (Bronn) ; good 
Carcinophyllum ct. vaughani Salée. |  epitheca preserved. 
Carcinophyllum sp. _ Lonsdalia floriformis (Fleming). 
Cyathophylium et. murchisont Ed- Lophophyllum magnificum Thomson 
wards & Haime; very large form. |  & Nicholson. 


Michelinia sp., cf. gracilis Smythe. 
Rhodophyllum distans sp. nov. 
Syringopora geniculata Phillips. 
Syringopora reticulata Goldfuss. 


Cyathophyllum regium Phillips. 

Dibunophyllwm aff, matlockense Sibly. 

Dibunophyllwm rhodophylloides sp. 
noy. 
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Zaphrentis aff. costata M‘Coy. Pugnaw trilatera L. G. de Koninck. 
Laphrentis costata M‘Coy. Retzia radialis (Phillips). 
Zaphrentis densa Carruthers. Rhipidomella michelini (L’Eveillé). 
Zaphrentis aff. enniskillent Edwards | Schizophoria reswpinata Martin ; not 

& Haime. common. 

Zaphrentis omaliusi Edwards & | Spirifer cinctus Keyserling. 

Haime. | Spirifer crassus L. G. de Koninck. 
Zaphrentis sp. nov. 1. Spirifer bisulcatus Sowerby. 
Zaphrentis sp. nov. 2. Spirifer integricostus Phillips. 
Zaphrentis sp. noy. 3. Spiriferina insculpta Phillips. 
Cyathocrinus sp. Fenestella plebeia M‘Coy. 


Fistulipora sp. 
Athyris obtusa M‘Coy. 


Athyris lamellosa L’ Hveillé, Edmondia sp. 
Athyris planosulcata Phillips. Modiola megaloba M‘Coy. 
Athyris roysit L’ Eveillé. Sanguinolites sp. 


Camarophoria crwmena Martin. 
Chonetes buchiana L. G. de Koninck. 
Leptena analoga (Phillips). Bellerophon spp. 

Productus giganteus Martin. Lowonema rugiferwm (Phillips). 
Productus, latissimoid form. 


Sedgwickia sp. 


Productus margaritaceus Phillips. Nautilus spp. 

Productus setosus Phillips. Orthoceras sp. 

Productus sulcatus Sowerby. 

Productus tissingtonensis Sibly. | Griffithides acanthiceps H. Wood- 
Buxtonia scabricula (Martin). ward. 

Pugnaz pleurodon (Phillips). | Trilobite-fragments. 


Good exposures in this horizon are found scattered over the 
district, and in general occur in the localities cited above in course 
of description of the Gérvanella Band. The sections in Hull Pot 
and Hunt Pot under Penyghent have been described by McKenny 
Hughes in his paper on Ingleborough, as also the section in the 
gill below Farrer’s Shooting-Box on the southern flank of Ingle- 
borough. The exposures in Hunt Pot and Hull Pot Beck are two 
of the best in the district, and many of the species enumerated in 
the foregoing list were obtained from them. An interesting section 
also occurs at the top of this series in the western tributary of 
Hunt Pot Gill, immediately north of the wall. Here we find a 
bed almost entirely composed of corals, the most abundant species 
being a long cylindrical form of Dibunophyllwm, associated with 
Lophophyllum and reeflike masses of Diphyphyllum; while a 
very large variety of Cyathophyllum murchisoni also occurs. The 
new species of cup-coral (Rhodophyllum distans) described in the 
paleontological section of this paper (p. 261) was also first obtained 
from this exposure, another specimen being subsequently obtained 
from the exposure of these beds in the beck above Old Ing. The 
section in Hull Pot Beck is notable for the abundance and size of 
the specimens of Productus giganteus, and has long been known 
as a collecting-ground for this fossil, while a similar exposure 
occurs farther north-west near Black Dub Moss. On the north- 
western flank of Ingleborough the best exposures occur in Keld 
Bank Sike, and at the springs and in the pot-hole on Gauber High 
Pasture, half a mile south of Ribblehead Station. Here the highest 
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layers, both at the spring and round the edge of the pot, are 
composed of yellow rubbly ecrinoidal limestone containing rolled. 
and fragmental shells. This bed contains numerous specimens of 
Zaphrentis densa and Z. att. enniskilleni, together with three 
species of Zaphrentis which differ from any species hitherto 
described, one of these being the species mentioned below as 
occurring im nodules, and figured by the late Arthur Vaughan in 
his paper on Loughshinny. 


Concretionary nodules.—Wherever the Lower Lonsdalia 
Beds are well exposed they are found to contain concretionary 
nodules, which are usually confined to the shaly partings. They 
vary in size up to one and a half inches in diameter, and are 
approximately spherical, with a slightly lobate surface. Except 
for their larger size, they resemble the Girvanella nodules at the 
base of D;. In many localities, notably at Keld Sike and Gauber 
High Pasture, these concretions are formed round small cup-corals, 
especially Zaphrentis costata, Z. omaliust,and an unnamed species 
of Zaphrentis, which Mr. R. G. Carruthers has identified for us as 
a form common in the shales above the Derbyshire massif and 
identical with a form figured by Vaughan from Loughshinny 
(41, pl. xlix, fig. 2). A small species of Amplexus also occurs 
n these nodules, which does not appear to have been hitherto 
described. 

In thin sections the nodules proved to be built up of roughly 
concentric layers, composed partly of iron pyrites, partly of a 
compact calcareous deposit with a structure somewhat resembling 
Aphralysia, while small patches of Girvanella tubes may occa- 
sionally be seen. The most interesting constituents, however, are 
certain small ‘bean’- or rather ‘banana ’-shaped organisms, which. 
occur in aggregates, and lie with their concave margins facing the 
central nucleus. Long sections of these show transverse septa up: 
to five in number. These organisms appear to be bounded by 
definite walls, and are frequently impregnated with iron pyrites 
(Pl. XIX, fig. 3). Their exact nature has not been determined : 
they may possibly be of vegetable origin, but they do not 
resemble calcareous alge. On the other hand, they present a 
certain resemblance to foraminifera; their definite concentric 
grouping is, however, difficult to account for. The different layers 
mentioned above are usually arranged in a roughly concentric 
manner. They are mentioned here chiefly on account of their: 
stratigraphical value, as they have not been met with below this 
horizon. ‘They appear to range up into the overlying Yoredale 
Beds, and Mr. R. G. 8. Hudson has recently shown to us specimens 
which he has collected from a slightly higher horizon in Wensley- 
dale. Some years ago very similar nodules, in which however, 
the structure is more obscure, were noticed by one of us in, or 
slightly above, the Oxford Limestone in Northumberland. 

The succession above the Lower Lonsdalia Beds is well exposed 
on the north-western flank of Ingleborough, and in the eastern: 
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tributary of Cam Beck. At Fairweather Springs, a mile south- 
south-west of Ribblehead Railway-Station, we Gnd the following 
section :— 


Thickness in feet. 
Limestone with chert (Orionastrea Band) .........-........-.5 —— 
Platy limestone, containing Productus latissimus ............ 12 
HALOS: MERE Mio be teniteiecthaign 4 atic wRlsiet deeraecethetdea aetna ste teee sa eRe 12 
Massive iron-stained limestone.. A ere 8 
Compact splintery limestone (Lamellibr ionvele Bed) Pech 5 
Compact limestone, passing down into iron-stained cement- 


SUOWO ANG SNAILS, vaccawcacits sos co aie ee et Ee eee eee ee aL 
Shale yielding Aulophyllim, Cb ........0snentaseeeceteeeeeees | Le 
IN OG ISGOnly Bet aes Spee. eh ee pee PR eh rarer note saeee 10 
ower Lonsdalia Beds) seas... scise- cae eee ee EE ee 30 
Gorvamella, Band. gf. -6 :.atdeescSocciseelece eee etd eects eee — 


The most interesting feature here is the development about the 
middle of the section of a highly fossiliferous bed, forming a small 
escarpment, which 1s unusually rich in lamellibr arene: The 
following is a list of species ie from this bed :— 


Hyalostelia sp.: masses of anchoring | Sptrifer biswleatus Sowerby. 
spines. : Spiwifer (?) crassus L. G. de Koninck. 

Pemmatites sp. Spirifer (Fusella) trigonalis Martin. 
Schizophoria resupinata (Martin) : 

Anlophyllum fungites Edwards & large form. 

Haime. 

Dibunophyllum sp. Fenestella sp. 

Diphyphyllim lateseptatum M‘Coy. Polypora sp. 

Lithostrotion portlocki (Bronn), Ptilopora sp. 

Lonsdalia floriformis (Fleming). Synocladia sp. 

Lophophyllum sp. Dyscritella sp. 

Athyris planosuleata (Phillips). Aviculopecten dissimilis (Fleming). 

Athyris roysit L’ Hveillé. Allorisma variabilis (M‘Coy). 

Athyvris sp. Edmondia laminata (Phillips). 

Chonetes hardrensis Phillips. EHdmondia maccoyiit Hind. 

‘ Orthotetes’ spp. Edmondia suleata (Phillips). 

Productus edelburgensis Phillips. Hdmondia sp. 

Productus hemisphericus group. Humicrotis hemisphericus (Phillips). 

Productus longispinus group. Lithodomus sp. 

Productus pugilis Phillips. Pinna flabelliformis (Martin). 

Productus sulcatus Sowerby. Protoschizodus equilateralis (M‘Coy). 

Productus tissingtonensis Sibly. Protoschizodus fragilis (M‘Coy). 

Productus spp. Pseudamusium redesdalense Hind. 

Productus spines in abundance. Solenomya costellata M‘Coy. 

Buatonia scabricula (Martin). Sanguwinolites plicatus (Portlock). 

Pustula elegans (Davreux). Sangwinolites subcarinatus M‘Coy. 

Pustula punctata (Martin). Sanguinolites tricostatus (Portlock). 


Reticularia lineata (Martin). 
Rhipidomella michelini (L’ Eveillé). Fish-tooth. 


The occurrence of sponge-remains (Pemmatites, see Pl. XVII, 
fig. 2) and also of anchoring spines is interesting, as the same 
form occurs at approximately the same horizon below the Orion- 
astrea Band between the faults near Bordley, but has not been 
met with at other horizons in West Yorkshire. Among the — 
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brachiopods Schizophoria resupinata is found vbundantly, and of 
large size, comparable with forms of. this species which occur at 
Sellet Mill near Kirkby Lonsdale at the same horizon, and at 
Sealeber in the Shales-with-Limestones on the south side of the 
fault. Attention may also be drawn to the occurrence here of a 
varietal a of Productus pugilis which occurs in considerable 
abundance : this fossil is limited to that portion of the succession 
which intervenes between the summit of the Lower ZLonsdalia 
Beds and the Orionastrea Band, and appears to have a wice 
geographical range at this horizon. It oceurs abundantly in the 
eastern tributary of Cam Beck, and in Cow Gill near Bordley, 
and elsewhere in West Yorkshire; it is also found at the same 
horizon at Nellet Mill. We have met with it too in the Shales- 
with-Limestones in Kirkby Malham Beck, south of the Middle 
Craven Fault. It may, therefore, be regarded as an important 
zonal index near the summit of D, (er XV ILI, fig. 1). The most 
striking feature of the fauna, however, is ee abundance and 
variety of the lamellibranchs*which represent an unique develop- 
ment at this horizon in Yorkshire. Of these the most noteworthy 
is Pinna flabelliformis, which occurs in considerable numbers. 
Elsewhere it has only been noted on the east side of Ingle- 
borough in Fell Close Sike, and between the faults near Bordley, 
where it again occurs at the same horizon; but it is also recorded 
by MeKenny Hughes from Hull Pot Beck. South of the faults 
it occurs in the knoll-reefs at Cracoe. 


The shale-bed overlying the Lamellibranch Limestone is not 
well exposed, and has not yielded any forms of special interest. 
The platy limestone and calcareous shale which underlie the 
Orionastrea Band are essentially of the horizon of Productus 
latissimus, although examples of this fossil may occur as low 
down as the Lower Lonsdalia Beds, and may pass up into beds 
above the Orionastrea Band. P. edelburgensis also occurs at 
this horizon, some specimens attaining a large size, while Awdo- 
phyllum fungites 1s usually plentiful. MeKenny Hughes records 
the oecurrence of plants in a brown earthy limestone, which must 
be about the horizon of the base of these beds. ‘This shaly lime- 
stone containing P. latissimus, together with the underlying 
shales, should (according to the Geological Survey mapping) 
represent the upper portion of the shales which, together with the 
overlying sandstone, form the face of the cliff at Hardraw Force 
in Wensleydale. The Lamellibranch Bed and the shale beneath it 
would then be the equivalent of the lower portion of the Hardraw 
Shale, which at Mill Gill and at Hardraw contains abundant 
examples of Posidonomya becheri. This species has not, however, 
so far been met with in the Ingleborough district, although it 
oceurs at about the same horizon near Budle in Northumberland. 


The Orionastrea Band is a cherty limestone, and is the Hardraw 


“Scar Limestone of the Geological Survey map of Ingleborough. 


~~ 
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Specimens of Orionastrea phillipsi are rare and badly preserved, 
and are limited to the highest layers. They occur in thin sheets 
interstratified with tabular chert-layers, and are frequently them- 
selves silicified. They are, therefore, difficult to detect, and it is 
not perhaps surprising that this coral should hitherto have escaped 
observation in this district; indeed, it was only discovered by 
us on Ingleborough as the result of a careful search, after this 
band had proved to be characteristic of the district between the 
faults, where it is more fully developed. In the Westmorland 
district only one specimen has so far been obtained: namely, in 
High Cup Gill, and though not 7x s7tw, it probably came from the 
Scar Limestone, which appears to represent the same horizon.! 
The best exposure on Ingleborough is seen in Mere Close Gill; 
but badly-preserved specimens have also been found at this horizon 
in Tatham’s Wife Hole, on the downthrow side of the fault, and 
again in South House Moor Beck above its junction with Alum 
Pot Beck. Fossils are scarce at this horizon on Ingleborough, but 
Lithostrotion junceum is eminently characteristic of this band, 
the form that occurs here being notable for the small size of the 
corallites, which do not reach 2 mm. in diameter. Occasional 
specimens of a large Caninia also occur. This cherty Orionastrea 
Band is mapped by the Geological Survey as the equivalent of the 
Hardraw Scar Limestone of Wensleydale, a correlation which is 
not entirely satisfactory, as the latter contains Lonsdalia, but does 
not contain either chert or Orionastrea; while Productus edel- 
burgensis and P. latissimus occur in the shale above, though not 
(so far as we are aware) in the shale below. Everywhere in the 
district north of the faults, as in Upper Wharfedale above 
Kettlewell, O. phillipsi occurs both in the upper portion of the 
Simonstone Limestone and below the Dirt Pot Grit, and still more 
abundantly in the lower portion of the Middle Limestone above it. 
Tt seems possible, therefore, that, when allowance is made for the 
reduction in the thickness of the beds on Ingleborough, the 
Orionastrea Band on Ingleborough represents the Simonstone 
Limestone of Wensleydale, and the Hardraw Scar Limestone may 
be represented by the horizon of the Lamellibranch Bed of Fair- 
weather Springs. The ‘section in the eastern tributary of Cam 
Beck, above and below Far House Barn already mentioned, is one 
of the best exposures of the Lower Yoredale Beds in the district. 
Here may be seen a nearly continuous section, from the Girvanella 
Band in Cam Beck to the shales and sandstones overlying the 
Orionastrea Band. The Lower Lonsdalia Beds crop out in the 
lower portion of the tributary and on the left bank of Cam Beck. 
The shale exposed in the small gully which enters this tributary 
on the right bank evidently represents the shale at the base of 
Fairweather Springs. The overlying beds which correspond to the 
Lamellibranch Limestone crop out at the waterfall below Far 
! OQ. phillipsi has recently been collected by Mr. R. G. S. Hudson from the 


Simonstone and Middle Limestones in Wensleydale. The specimens from 
Derbyshire and Wales all occur, so far as is known, in D, (55). 
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House Barn, and are remarkable for the abundant specimens of 
Productus pugilis. The lamellibranch fauna which is so notable 
a feature of this horizon at Fairweather Springs is, however, 
absent. The Productus-latissimus Shale comes on above Far 
House Barn (Shooting Box), where it forms the face of the water- 
fall; while the overlying limestone (the Hardraw Limestone of the 
Geological Survey Map) should represent the Orionastrea Band. 
That bed does not, however, exhibit the usual cherty character 
here, neither has Orionastrea been found to occur in it. The 
overlying shale is notable, on account of the interesting crinoidal 
remains which it contains. The late Mr. Philip Roscoe, of Hamp- 
stead, who collected extensively from this bed, kindly furnished 
us with the following list, which he drew up in conjunction with 
Dr. F. A. Bather:—-Platycrinus 2 spp., Hurycrinus sp., Rhodo- 
crinus sp., Gynerocrinus sp., Cyathocrinus sp., Onchyocrinus sp. 
and Zeacrinus sp. 


On Ingleborough the Orionastrea Band is overlain by a few 
feet of shale, succeeded by a massive sandstone which forms the 
waterfall in Mere Gill, and contains obscure plant-remains. Some 
of the layers exhibit curious stellate impressions on the bedding- 
planes, which at first sight appear to resemble badly-preserved 
casts of Ortonastrea. This resemblance is due to the presence of 
sight depressions, round which the radial grooves are arranged, 
and to the curiously regular spacing of these astreeiform impressions. 
The centre of each depression, which continues downwards as a 
vertical tube, is filled with a bleached deposit of siliceous material. 
The origin of the structure is obscure: it may represent werm- 
burrows, or possibly gas-bubbles discharged through wet sand at 
low tide. 

The higher Yoredale limestones below the Main Limestone are 
not well exposed on Ingleborough, Whernside, and Penyghent ; 
but sections showing two well-developed limestones above the 
Orionastrea Band, called the Simonstone Limestone and the 
Middle Limestone by the Geological Survey, occur in places. 
Some of these are described in the Survey Memoir on Ingle- 
borough (11) and in McKenny Hughes’s paper (30), wherein he 
notes the absence-of the Underset and Three-Yard Limestones of 
Teesdale. These limestones, so far as we have been able to: 
examine them, are singularly devoid of fossils in comparison with 
their equivalents in Wensleydale; such organisms as do occur 
present no special points of interest or zonal significance. 


The Main or Upper Sear Limestone, also known as the 
Twelve-Fathom Limestone, is a highly erinoidal deposit, 
well exposed round the south side of Ingleborough and on Simon 
Fell. According to MceKenny Hughes, the limestone is let down. 
on the southern flank of the summit of Ingleborough by a continu- 
ation of the west-north-west and east-south-east fault already. 
mentioned in Tatham’s Wife Hole; but this seems unlikely, as 


Q. J.G.8. No. 318. P 


208 PROF. GARWOOD AND MISS GOODYEAR ON THE  [vol. Ixxx, 


the downthrow in the latter exposure is northwards. If the fault 
suggested by MeKenny Hughes exists it must be a separate 
dislocation, or a slipping over the calcareous sandstone beneath. 
The thickness of the Main Limestone on Ingleborough is about 
50 feet, and it maintains the same thickness on Whernside and 
Greenfield south of Old Ing. Farther north, however, on High 
Wold and on Widdale Fell, it has increased to nearly double this 
thickness. and increases still more as we reach Wensleydale. In 
the Ingleborough district this limestone is poor in fossils other 
than crinoid-ossicles; but specimens of Productus giganteus var. 
are fairly abundant near Lord’s Seat on Simon Fell, while 
P. muricatus is not uncommon on High Wold south of Widdale 
Fell: beyond these, however, we have only succeeded in collecting 
a few badly preserved forms :—Dibunophyllum sp., Athyris 
planosulcata, Spirifer bisuleatus, Productus pugilis, and Schizo- 
vhoria resupinata. 

The following list is given on the authority of McKenny 
Hughes (30, p. 296) :— 


Thamniscus dubius (King) var. car- | Productus semireticulatus. 
bonarius (Vine). | Productus pustulosus (2). 
Spirifer ovalis (Phillips). | Leptena rhomboidalis var. analoga. 
Spirifer trigonalis (Martin). Streptorhynchus (Orthotetes) creri- 
Spirifer trigonalis var., with a smooth | stria (Phillips). 
medial rib. Dielasma saccwlwm (Martin). 
Athyris planosuleata. | 
Athyris ambigua. | Capulus neritoides. 
Rhynchonella cordiformis (Sowerby). | 
Camarophoria crumena (Martin). Pterinopecten sp. 


Productus scabriculius. | 


Hughes also records Brachymetopus as occurring here, but 
states that this requires verification. 

This list, although a meagre one, is interesting, as the majority 
of the forms recorded are characteristic of a high horizon in the 
Yoredale Series, and occur also in the Cracoe reefs south of the 
faults; so far as they go, they support Prof. J. E. Marr’s corre- 
lation of the Main Limestone of Ingleborough with the Knoll 
Reefs of Cracoe and the Pendleside Limestone. The poverty of 
the fauna on Ingleborough is in marked contrast with that of 
the Wensleydale district, where Lonsdalia floriformis (and other 
species of Lonsdalia), together with Caninia and a rich general 
fauna, occur. 


Ill. Tue Districr BETWEEN THE Favts. 


This district contains a strip of Lower Carboniferous rocks 
bounded on the north by the North Craven Fault, on the west by 
the South Craven Fault, and on the south by the Middle Craven 
Fault. 

The northern portion, between the Dent Fault and Clapham, 
averages less than half a mile in width, but broadens out, on 
reaching the Ribble valley, to a width of 24 miles. From here it 
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gradually contracts again as it is followed eastwards, and near 
Bordley the width is reduced to less than a mile. 

The general succession in this area belongs essentially to the 
northern facies, and may be regarded as constituting the southern 
margin of the North-Western Province. At the same time, 
modifications oceur, especially in the higher beds, which are most 
pronounced in the eastern portion of the district. Thus, the Lower 
Dibunophyllum Sub-zone is even poorer in fossils than in the 
district north of the faults; while the Yoredale Beds become more 
calcareous and crinoidal, and true shale is almost completely 
absent. Certain changes also occur about the middle of D,: to 
wit, the development of a series of thinly-bedded erinoidal lime- 
stones yielding Athyris lamellosa. his series, in certain localities, 
contains a rich and specialized fauna; while the summit of the 
series is marked by a thin but constant layer, containing abundant 
remains of Stenophragma and Dyscritella. To this series we 
shall refer for convenience as ‘the Bryozoa Series’. The Orion- 
astrea Band, which is poorly represented round Ingleborough, 
becomes more pronounced here, and reaches its fullest development 
between Malham and Bordley. The most notable feature, however, 
in this strip between the faults is the occurrence of patches of 
rock east of Settle which differ essentially, both in their litho- 
logical characters and in their faunal contents, from any known 
horizon in the North-Western Province succession, but resemble 
closely the Knoll-Reef Limestones and the Bowland Shales of the 
southern facies. 

The district between the faults may, for convenience of descrip- 
tion, be divided into two portions: namely, a western portion 
lying between the Dent Fault and the Ribble, and an eastern 
portion stretching from the Ribble to the Wharfe. 


District between the Faults—West of the Ribble. 


The general structure of this portion of the strip is that of a flat 
anticlinal fold, the dip being towards the faults on both margins. 
The beds here include the succession from the Michelinia 
Zone as far as the summit of the Orionastrea Band. ‘The 
Michelinia Zone is exposed ouly in a few isolated inlers, while 
the Yoredale Beds have been removed by denudation from the 
greater portion of the district. The succession, up to and including 
the Lower Lonsdalia Beds, is similar in its development to that 
already described in the area north of the faults, and does not call 
for detailed description, the general outcrop of the different zones 
and bands being shown on the map (Pl. XXI). There are, how- 
ever, a few special features which merit a brief description. 


The MWichelinia Zone.—tThe fact that rocks belonging to 
this zone appear at all at the surface in the strip of country 
between the faults is interesting and somewhat unexpected, in view 
of their position on the downthrow side of the North Craven 
Fault. The beds crop out in four separate exposures, seas — 
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(1) at Newby Cote, 13 miles north-west of Clapham; (2) near 
Stainforth Bridge in the River Ribble; (8) in the tunnel and 
railway-cutting near Taitlands House; and (4) in the railway- 
cutting immediately west of Langcliffe. 

The first of these exposures occurs close to the South Craven 
Fault, while the two next occur near the margin of the North 
Craven Fault. In all these cases the outcrops appear to be due to. 
the presence of dome-like folds developed near the margin of the 
faults, and they may be compared with similar structures which 
occur on a more pronounced scale near Greenhow at the eastern 
end of the district, to be described later. The oceurrence of this. 
structure in rocks belonging to the normal North-Western succes- 
sion is not devoid of interest, in connexion with the origin of the: 
reef-knolls which form such conspicuous features in the Malham 
and Cracoe districts south of the faults. 

(1) At Fell Gate Quarry, Newby Cote, only the higher layers 
of the Michelinia Zone are exposed, as the upper portion of the 
black limestone seen in the quarry belongs to the base of 5). 
Chonetes carinata has not been found here; but the base is not 
seen, and there is no conglomerate. Specimens of Michelinia 
grandis are occasionally exposed about half-wayup the quarry- 
face, while Athyris expansa is plentiful throughout the lower 
portion. A Javer of Seminula occurs above the Aichelinia Bed, 
and the shaly decalcified beds at the top of the quarry are highly 
fossiliferous, containing Zaphrentis enniskillent, Z. koninceki var. 
kentensis, Cyathophyllum multilamellatum, Lithostrotion, ete., 
an assemblage which characterizes the passage-beds of C—S, else- 
where. 

(2) In the inlier at Stainforth Bridge we find the most 
complete development of the Michelinia Zone exposed anywhere- 
in the Settle district. Most of the species characteristic of the 
Michelinia Zone at Arnside may be collected here, including 
Zaphrentis koninchki, Caninia subibicina, and Lophophyllum 
meathopense. The beds are brought to the surface by an elongated 
dome, the major axis of which, striking west-north-westwards,. 
crosses the Ribble about 100 yards below the bridge, close to the 
Force. The lowest 20 feet, which form the clitf below the Force, 
consist of unfossiliferous grey limestone. Above this the beds are. 
darker, with earthy partings, and contain examples of Michelinia 
grandis; while 10 feet higher occurs a bed yielding abundant 
specimens of Chonetes carinata. 

The lowest examples of Lithostrotion are found about 25 feet 
above this, and we may take this horizon as marking the base of Sis 
giving a total thickness for the Mchelinia Zone here of 55 to 6U: 
feet. At the northern end of the section, above the bridge, the 
beds are succeeded by a few feet of the Lower Productus Zone (8). 
The beds here are much crushed and dolomitized against the North 
Craven Fault, and contain bipyramidal quartz-crystals. At the- 
southern end of the dome the beds dip under drift and alluvium : 
but dark limestones, belonging to the base of 8), and containing 
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Zaphrentis enniskilleni, are brought to the surface at intervals by 
a series of gentle folds which extend as far as Langcliffe Paper- 
Mill. Below Robin Hood’s Mill these rocks form a cliff on the 
right bank: here the beds are dolomitized, and a spring issues 
which appears to mark the position of a fault. The base of the 
Carboniferous is nowhere exposed in the Ribble section, and no 
true conglomerate occurs ; but a few decomposed pebbles of Silurian 
rocks are found in the lowest erey limestone at Stainforth Force, 
and other fragments are scattered sparingly through the beds above. 
It is probable, therefore, that the base of the limestone seen at 
the Force is not far above the Silurian floor, although it must be 
remembered that similar small fragments of Silurian slates occur 
abundantly up to 80 feet above the base in Horton Quarry. 

(3) The third exposure of the J/chelinia Zone is seen in the 
railway-cutting and tunnel close to Taitlands House, a quarter of 
a mile south of Stainforth, and forms the eastern continuation of 
the Stainforth-Bridge dome. The beds in the tunnel, which con- 
stitute the core of the anticline, belong to the MWichelinia Zone, 
and contain JZ. grandis and Chonetes carinata; while the beds 
in the cutting belong to the overlying passage-beds (C,-S,). The 
débris from the tunnel may be jexamined in the old spoil-heaps 
lying between the railway and the road, and afford good material 
for collecting, while specimens of Chonetes carinata may be seen 
in the neighbouring walls. The only point in connexion with 
this exposure that requires special mention is the occurrence of 
certain encrusting growths formed round specimens of Lopho- 
phyllum and other organic fragments. Under the microscope this 
encrusting material is seen to be composed of two layers: namely, 
an inner layer formed by the growth of a species of Aoninchopora 
(probably A. inflata L. G. de Koninck), and an outer layer showing 
concentric laminz which under the microscope exhibit a structure 
resembling ‘ Spongiostroma’. Similar structures occur at the 
same horizon (Cj-8,) on the right bank of the Ribble, above 
Stainforth Bridge. Hitherto the bryozoon forming these encrusta- 
tions has only been recorded from the North-Western Province in 
the Kendal district, where it occurs at the same horizon. Hlse- 
where it is recorded (also from C,) by Arthur Vaughan, from 
Tickenham near Clevedon. It is further reported from D, at 
Wetton (Derbyshire) and from Stebden Knoll, Cracoe. 

(4) The only other undoubted exposure of the Michelinia Zone 
in the Ribble valley occurs in the railway-cutting immediately west 
of Langceliffe village. Here a gentle anticlinal fold again brings 
the Chonetes-carinata Beds to the surface, and blocks containing 
the index-fossil may be seen in the railway boundary-wall running 
into Settle. No definite exposure of the zone occurs in the Ribble 
near Settle, although two outcrops of a dark limestone are seen : 
one under Settle Bridge, and the other at Queen’s Rock opposite 
King’s Mill. The beds at the bridge contain no determinable 
fossils, while at Queen’s Rock the beds are much crushed and 
impregnated by veins, owing to their proximity to the South 
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Craven Fault. Both these exposures must be low down in the 
series, as the nearest outcrops (seen some distance above) occur in 
the Lower Productus Beds (8,). 

The Productus Zone (8) and the Lower Dibunophyllum Sub- 
zone (D,) exhibit the normal type of development characteristic of 
the North-Western Province. The Porcellanous Bed is absent or 
but feebly developed, so that it is not always possible to trace the 
exact junction of these two zones in the field. Mematophyllum 
minus, however, occurs in several places, and the Cyrtina-septosa 
Band is generally well developed. Consequently, with the ex- 
perience gained in tracing the junction in the district on the north, 
a fair approximation to the true position may be made, and the 
line of junction shown on the map (PI. X_XT) is sufficiently accurate 
for our purpose as showing the general succession in the district. 
The best continuous section of these beds is seen in Meal Bank 
Quarry, along the right bank of the Greta, near Ingleton, and 
on Storrs Common above the left bank of that river. The 
lowest 60 feet of beds exposed here near the North Craven Fault 
belong to the Nematophyllum-minus Beds (Sj), and specimens of 
the index-fossil may be collected from the northern end of the 
quarry and in the corresponding exposure on the left bank of the 
stream. The beds here show the usual anticlinal disposition. 
Near the North Craven Fault the beds dip northwards, but soon arch 
over and dip at a gradually increasing angle (20° to 80°) south- 

‘wards as they approach the South Craven Fault, against which 
they are highly dolomitized. The lowest beds of D, are almost 
devoid of fossils, and their exact junction with the underlying 
zone is difficult to determine. The section extends up to the 
Oyrtina-septosa Band and a short distance above it, but terminates 
against the South Craven Fault before reaching beds of Dy, age. 
The Cyrtina Band forms a slight step in the floor, and can be 
traced up into the face of the quarry. 

The section has been complicated by certain dislocations which 
appear to be in the nature of thrust-planes making a low angle 
with the horizon, one of which may be seen near the summit of 
the quarry close to the South Craven Fault (Pl. XIII, fig. 1). 

There are in the quarry-section two features of especial interest 
in connexion with the stratigraphical succession. Of these, the 
first is the presence of a highly fossiliferous bed of nodular lime- 
stone, some 8 feet thick, which lies about 30 feet below the lower 
Cyrtina-septosa Band. It is exposed in the face of the quarry 
about 180 yards from the South Craven Fault, and is also well 
seen in the isolated blocks which have been left durine the 
quarrying operations (Pl. XI, fig. 2). This bed is of interest, tor 
several reasons. Prof. J. E. Marr, in his paper on the Limestone 
Knolls of Craven (39, p. 352) mentions a bed in Meal Bank Quarry 
which he regards as a crush-breceia due to earth-movements, and 
it probably is this bed. Although the rocks in the quarry have 
undoubtedly been much affected by earth-stresses, and Prof. Marr’s 
contention in this respect is correct, there can be no doubt that the 
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peculiar structure of the nodular bed is original, and not due to 
subsequent brecciation. 'This view is based on the fact that the 
bed, which is highly fossiliferous, may be definitely correlated with 
a similar bed that occurs at the same horizon in Trowbarrow 
Quarry, near Silverdale Station (19, p. 513). 

The fossils, which consist chietly of corals and large Producti, 
show signs of partial corrosion, and are thickly coated with a 
curious concretionary deposit of lime, so that, on weathering, the 
rock presents a strikingly nodular appearance. Some of these 
nodules show a radial and fibrous structure, and the general aspect 
of the deposit recalls some of the well-known concretionary beds 
in the Magnesian Limestone of Durham. The bed passes down 
into a ‘spotted’ limestone similar to the beds so characteristic of 
the upper portion of D, in Westmorland (19, p.518). The general 
character of this nodular bed appears to point to a temporary 
cessation of mechanical deposition, during which the fossils were 
exposed to the action of sea-water, the lime thus removed being 
precipitated in the form of coneretionary incrustations.! In view 
of the generally unfossiliferous character of the beds of the D, zone 
in West Yorkshire we append a list of fossils collected from this 
bed (see Pl. XI, fig. 2) :-— 


Aulophyllim concentricum sp. nov. Lithostrotion martini Edwards & 
Aulophyllum fungites mut. pachy- | Haime. 

endothecum (‘Thomson). Syringopora sp. 

Alveolites capillaris (Phillips). | Zaphrentis cf. delanowet Edwards & 
Caninia sp. nov. '  Haime. 

Carcinophyllum @ Vaughan. 

Carcinophyllum spp. Chonetes ef. convpressa Sibly. 
Clisiophyllum sp. Leptena analoga (Phillips). 
Cyathophyllum murchisoni Edwards | Prodwctus maximus M‘Coy. 

& Haime. Productus  subgiganteus var. of 
Dibunophyllum bristolense nom. nov. giganteus (Martin). 
Dibunophyllum vaughani nom. noy. Productus sp. 

Dibunophyllum aspidiophylloides 

sp. nov. Fistulipora sp. 
Dibunophyllum sp. approaching His- 

tiophyllum dicki Thomson. | Orthoceras sp.; fragments of a very 
Lithostrotion junceum Fleming. | large form. 

Lithostrotion maccoyanum Edwards 


& Haime. Trilobite- fragments. 


Another interesting feature of this section is the presence of a 
wedge-shaped block of coal associated with underclay, apparently 
interbedded with the limestone, which forms a projection in the 
face of the quarry about 45 feet below the ‘nodular’ bed described 
above. This patch of coal was first noted by Mr. C. Ricketts in 
1869, who remarks (49, p. 86) :— 

‘the existence of a bed of impure coal, about 2 feet thick, exposed in the Ingle- 
ton limestone-quarries ... probably indicating that upheaval and subsequent 
denudation has to some extent occurred previous to its deposition, and that 


therefore the present thickness of the Carboniferous Limestone, nearly 600 feet, 
does not represent the whole time during which the formation was in progress.’ 


1 Compare the concretionary manganese-nodules dredged by the late 
Sir John Murray from a depth of 10 fathoms in the Firth of Clyde. 


214 PROF. GARWOOD AND MISS GOODYEAR ON THE [vol. lxxx, 


Prof. J. E. Marr, in writing of this outcrop, observes :— 


‘It seems highly improbable that the coal is truly interstratified with the 
marine limestones, and I consider that the most probable explanation of its 
occurrence is that the limestone has been thrust over the Coal Measures 
beneath, and that the coal has been squeezed up between two bedding-planes 
of the limestone.’ (89, p. 352.) 


Prof. P. F. Kendall, on the other hand, considers the coal con- 
temporaneous with the limestone, and remarks :— 


‘The Carbonaceous division of the Bernician may represent a phase of 
which a mere trace is developed at Ingleton, in the form of an eroded fragment 
of a coal-seam with its underclay, that is intercalated in the Great Scar 
Limestone.’ (37, p. 149.) 


It is difficult to arrive at a definite conclusion regarding the 
origin of this patch of coal. Prof. Marr’s contention that it is a 
fragment from the Ingleton Coalfield, brought into its present 
position by thrusting, appears to be supported by the undoubted 
evidence of thrusting in the quarry. As shown in the photograph 
(Pl. XIII, fig. 1), the basé of the limestone above the coal is 
evidently a line of thrust ; the surface of the shale is crushed, and 
the coal and shale die out northwards in the face of the quarry 
along this thrust-line. It is evident, then, that the line of thrust 
coincided nearly with the bedding, and that the softer beds of coal 
and shale have yielded more readily to the pressure than the 
limestone. As the coal thickens southwards and wedges out north- 
wards, the upper beds above the thrust must have been carried 
from south to north. Again, this is the only exposure with which 
we are acquainted in West Yorkshire where a contemporaneous 
coal-seam has been found in limestones of Lower Dibunophyllum 
age, and it does seema curious coincidence that the only section 
in which it is found occurs within a few hundred yards of the 
Ingleton Coalfield, and close to the South Craven Fault. 


Over the West Yorkshire area in general the beds of the Lower 
Dibunophyllum Sub-zone appear to represent the clearest-water 
deposits of the whole Lower Carboniferous succession, and, although 
they may not have been deposited in really deep water, they seem 
to have been formed in an area far removed from the influence of 
land-derived detritus. It is difficult to see how even a local deposit 
of coal could be formed under these conditions. On the other 
hand, several partings of grey shale occur between the bedding- 
planes at higher levels in the quarry, which, judging by the iron- 
staining on the face below, evidently belong to the same type of 
mudstone as that associated with the coal; there is, however, no 
appearance of thrusting along these horizons, apart from a general 
tendency to movement along bedding-planes as the result of the 
formation of the anticlinal fold. 

As already mentioned, the Oyrtina-septosa Band crops out in 
the floor of the quarry, but is found again at a higher level near 
the extreme southern end of the section, where a thrust making 
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-a low angle with the horizon cuts across the bedding-planes of the 
ae which here dip at about 25 ° southwards (2G GUE 
fig. 1 
On the whole, for the reasons given above, and in view of general 
signs of movement in the district, we are inclined to think that 
Prof. Marr’s view that the coal is a fragment of the neighbouring 
‘Coal Measures brought into its present position by earth-move- 
ments is the most s satisfactory explanation of its presence in the 
limestone. 
[During a meeting of the Yorkshire Geological Society in the 
Settle District, held in June 1922, we had the advantage of hearing 
Prof. P. F. Kendall explain his views on the spot. W hile admitting 
that the beds above the coal were thrust, he considered that the 
‘coal itself was due to contemporaneous deposition, and he thought 
that he could detect the presence of rootlets in the surface of the 
underlying limestone. Mr. E. HE. L. Dixon, who was also present, 
made a careful examination of the surface of the limestone below 
the shale: he considered that it showed distinct traces of weathering 
-and that the depressions on its surface were of the nature of pot- 
holes; he was further of the opinion that the shale filling the 
depressions appeared to have been deposited in its present position. 
He referred to similar pot-holes which had been noticed by Mr. C. 
Edmonds (15) in the limestone of the Dibunophyllum Zone in 
‘Cumberland, and also alluded to similar phenomena in Gower where 
a thin coal with underclay, first described by R. H. Tiddeman, 
showed rootlets intercalated among the same beds. He instanced 
-a further example in the South-Western Province where the pot- 
holes occur beneath an unconformable covering of Millstone Grit. 
For these reasons he believed that the mudstones and coal in 
Meal Bank Quarry were part of the normal sequence, and were 
‘of D, age. As mentioned above, two more shale-bands occur 
higher in the face of the quarry, and the statements made in the 
above discussion recalled to us a similar shale-band which we had 
noticed near the summit of the old quarries beside the railway, 
about half a mile south-east of Ribblehead Station. On our re- 
visiting the section after this meeting, it was found that the 
surface of the limestone below the mudstone was distinctly worn, 
-and contained wide shallow depressions presenting an appearance 
which closely resembled that of the surface of the limestone below 
the coal in Meal Bank Quarry. The horizon of this exposure on 
the railway is some 56 or 60 feet above the Cyrtina-septosa Band, 
‘and may correspond to the upper shale-horizon in Meal Bank 
Quarry. It seems possible, therefore, that contemporaneous erosion 
has actually taken place at certain horizons in the D, limestone 
‘series of West Yorkshire, and that the shale and, therefore, possibly 
-also the coal in Meal Bank Quarry are contemporaneous deposits. — 
February, 1924. | 
The nodular bed and the Cyrtina Band reappear on the left 
bank of the Greta, and can be traced from the limekiln across 
‘Storrs Common until they disappear under the surface-deposits 


216 PROF. GARWOOD AND MISS GOODYEAR ON THE _ | vol. Ixxx,, 


near the boundary-wall at the eastern end of the Common. 
The nodular bed is here more compact than in the quarry, and is 
more in the nature of a pseudo-breccia, while the Cyrtina Band is 
more fossiliferous. On Storrs Common east of the main road, and 
above the Cyrtina Band, there is a continuous outcrop of limestone 
forming a thick series of beds which extends nearly to Storrs Hall, 
a horizontal distance of 220 yards. ‘The beds dip at 20° south- 
south-westwards in that northern portion; but the dip increases to. 
30° where last seen near the South Craven Fault. If we take an 
average dip of 25°, this gives a total thickness for these beds of 
280 feet. The beds appear to belong throughout to the D, sub- 
zone, and there is no trace of any beds belonging to the overlying D, 
horizon. About 75 feet above the Cyrtina Band mentioned above 
we find a layer rich in corals, also containing a few specimens of 
Cyrtina. Immediately beneath this bed there appears to be 
evidence of movement, shown by a smoothed surface cutting the 
bedding-planes at a low angle (Pl. XIII, fig. 2). 

Immediately above the coral-bed comes another nodular bed, also 
containing rolled corals, and closely resembling the lower nodular 
bed of Meal Bank Quarry. Above this the beds are sparingly 
fossiliferous, until we reach a well-marked bedding-plane close to. 
the summit of the series, which is crowded with Cyrtina septosa 
and other fossils characteristic of the Cyrtina Band. This band 
lies 250 feet above the lower Cyrtina Band which we have traced 
up from the limekiln. Thus there would appear to be 250 feet of 
limestone containing C. sepfosa on Storrs Common, although the 
average thickness of the beds between the richly fossiliferous Oyr- 
tina Band and the base of D, at the southern end of Ingleborough 
and elsewhere in the district, is 100 feet or less; consequently, on 
Storrs Common the apparent thickness of the beds containing 
C. septosa is three times as great as the normal development else- 
where in the district. This unusual development of the upper beds. 
of D, above the Cyrtina Band can only be explained, either by 
a very sudden and exceptional thickening of this portion of the 
sequence, or bya repetition of the beds due to faulting or thrusting. 

The presence of a second nodular bed above the lower Oyrtina 
Band may be due to a return of similar conditions, and not 
necessarily to repetition of the same bed; but the presence of the 
upper Cyrtina Band, 250 feet above the lower, can hardly be- 
explained in this way, and it is difficult to avoid the conclusion 
that the beds on Storrs Common are repeated by faulting or 
thrusting. No definite line of movement which would account 
for this repetition has been traced on Storrs Common, except 
the apparently insignificant plane of movement mentioned above. 
(Pl. XIII, fig. 2); but evidence of movements in the district 
appears to be indicated by a well-developed cleavage in the: 
limestone. 

The upper Cyrtina Band on Storrs Common disappears under 
surface-deposits when traced south-eastwards to Fell Lane, but 
reappears farther south-east in the tramway-cutting at the winding 
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shed on the right bank of Jenkin Beck. On the other side of the 
beek it is exposed in a small hillock, immediately below the point 
where a tributary enters from the north-east. Farther down stream 
in the steep wooded gorge there is an outerop of the underlying 
nodular limestone of Meal Bank Quarry, which is shifted repeatedly 
by a series of small step-faults running parallel to the gorge, the 
downthrow of these faults being westwards. Below this the lower 
beds of D, can be traced in both banks of the stream dipping 35° 
south-south-eastwards, until they disappear against the South 
Craven Fault, where they are highly dolomitized. Returning up 
stream to the hillock on the left bank containing the Cyrtina 
Band, we find that the beds, which below this have been dipping 
consistently down stream, turn over and dip north-eastwards. 
Above the hillock the beck is seen to make two sharp turns 
before reaching the North Craven Fault. The section in this 
portion of the beck is of especial interest, as in a distance of 
less than 800 yards four important zonal horizons of the North- 
Western succession are brought into close proximity. At the 
North Craven Fault the Coniston Limestone, with the overlying 
beds of the JMichelinia Zone, is brought against the Yore- 
dale Beds on the south-west. By good luck the exact horizon of 
these Yoredale Beds can be definitely determined. They are 
exposed on the right bank of the stream at the corner where the 
beck takes a sharp turn north-westwards. The beds here consist 
of dark platy limestone containing Productus latissimus and 
P. edelburgensis, overlain by a thin band of cherty limestone 
containng Orionastrea phillipst. This is evidently the Orzon- 
astrea Band which oceurs in Mere Gill on the western flank of 
Ingleborough described above. It is possible, therefore, to estimate 
with considerable accuracy the throw of the North Craven Fault 
in Jenkin Beck. he average thickness of the beds between the 
Michelinia Lone and the Girvanella Band in Chapel-le-Dale is 
540 feet; while the position of the Orzonastrea Band in Mere 
Gill is 100 feet above the Girvanella Band, so that the throw 
of the North Craven Fault is approximately 640 feet. Below 
the corner where the Ovrvonastrea Beds occur, the stream 
makes a sharp bend north-north-westwards. The left bank here 
rises into a steep cliff, near the summit of which is an outcrop of 
the Girvanella Band marking the base of D3. Its position is 
indicated by a thin shaly layer, which has weathered back to form 
a ledge in the cliff. The beds here dip 10° north-eastwards, or 
towards the Oréonastrea Band on the opposite bank. It is 
evident that the stream runs along a line of dislocation which has 
determined ,the sudden change in its course. This fault, which 
throws the beds up on the south-west, brings the Girranella Band 
about 20 feet above the Orionastrea Band, and must therefore 
have a displacement of 120 feet. At the western corner of the 
cliff the Girvanella Band is separated from the Cyrtina Band 
of the hillock by a mass of dolomite. This evidently marks the 
position of another fault, which brings up the Cyrtina Beds 
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nearly on a level with the Girvanella Band. As the Cyrtina 
Band occurs normally some 80 feet below the Girvanella Band, 
this fault must throw up the beds some 60 feet or more on the 
south. The dolomite reappears in the opposite bank beyond the 
tributary which enters from the north-east, and here the limestone 
beside it is highly cleaved, the strike of the cleavage being west- 
north-westerly and the dip 55° north-eastwards. These subsidiary 
dislocations in the strip between the Craven Faults, which bring up 
lower beds in each case on the south-west, do not appear to be 
explicable by movement of the beds in connexion with the Craven 
Faults, as the downthrow of these faults is south-westwards in 
each case. It appears, then, that they are either overthrusts from 
the south-west which took place before the South Craven Fault 
came into existence, or are connected with dislocations of the South 
Craven Fault of the nature of tear-faults. This evidence of dislo- 
cations in the rocks between the Craven Faults in Jenkin Beck is 
suggestive in connexion with the thickening of the Cyrtina Beds 
on Storrs Common. 


Between Jenkin Beck and Austwick the ground is much 
obseured by drift, but the Nematophyllum minus Beds and the 
Cyrtina Band can be traced at intervals. The Yoredale Beds, 
however, have been completely denuded here. The Cyrtina Band 
appears to be again repeated between Clapham and Austwick 
by a strike-fault or thrust. From Austwick to Settle the strip 
between the faults is occupied chiefly by beds of the Lower 
Dibunophyllum Sub-zone; but outliers of the Lower Yoredale 
rocks also occur. The district is traversed by a series of north-west 
and south-east faults which have been determined by mapping the 
outcrops of the Cyrtina Beds and the Girvanella Band. The 
Lower Lonsdalia Beds are well exposed in Blackrigg Quarry, and 
in an outher, part of Common Sear, about 300 yards north-west of 
Brunton House. In Blackrigg Quarry the base of this series, seen 
in the cutting which forms the southern entrance to the quarry, 
contains a layer of Stenophragma sp. The lower portion of the 
main quarry has yielded the characteristic fauna of the Lower 
Lonsdalia Beds, and in addition well-developed examples of 
Sptrifer humerosus, which is a rare form only met with elsewhere 
in the district at this horizon in Cow Gill, near Bordley, east of 
Settle. The shelf in the upper portion of the quarry contains 
examples of the concretionary fossiliferous nodules from. this 
horizon in the district north of the faults. The beds are cut 
off on the north-west of the quarry by one of the north-west and 
south-east faults so common in this part of the district. This 
brings up the Cyrtina Band, which here exhibits a rich fossili- 
ferous development. The repeated shifting of the outcrop of these 
beds as they are traced north-eastwards is shown on the accom- 
panying map (Pl. XXTI). The succession above the Lower Lone- 
dalia Beds consists of barren, thinly-bedded, crinoidal limestone: 
at the top of this traces of the Bryozoa Series, which forms a 
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important layer in the succession east of Settle, may be observed. 
The highest horizon in the Yoredale Beds seen in this district is 
the Orionastrea Band, which is exposed in a low escarpment 
facing south-westwards, about a third of a mile north-east of 
3runton House and about the same distance south of Feizor 
hamlet. The band here contains an exceptionally large variety 
ot Orionastrea phillipsi, together with Lithostrotion junceum, 
Dibunophyllum sp., and sponge-spicules. Chert occurs in the 
upper portion of the band, and the fossils are partly silicified. 
The lower portion of the limestone, as round Ingleborough, is dark 
and compact, and contains Productus latissimus, P. edelburgensis, 
P. pugilis, and P. quadratus (sp. nov. Muir-Wood MS8.). Other 
species collected from this band include Aulophyllum fungiles, 
Favosites parasitica, and Productus sulcatus. A shale is exposed 
in the low ground close by; but it is apparently faulted, and its. 
exact position with regard to the Orvonastrea Band is uncertain. 
The general character of that band here and the underlying P7o- 
ductus-latissimus Limestone is similar to the development on the 
north-western flank of Ingleborough, and it seems probable that 
the shale just mentioned represents the shale underlying the 
P.-latissimus Limestone in the district north of the fault. 

To sum up: the district between the faults which lies north and 
west of Settle is entirely composed of rocks showing the normal 
development characteristic of the North-Western Province and of’ 
the area north of the faults in West Yorkshire, the only noteworthy 
modification being the more calcareous nature of the Yoredale Beds 
and the more prominent development of the Ortonastr@a Band. 


District between the Kaults—East of the Ribble. 


This strip of country is, on the whole, the most interesting 
portion of the district under description, and certainly the most 
important in connexion with the marked lithological and faunal 
changes which take place in the neighbourhood of the Middle 
Craven Fault. It will be necessary, therefore, to describe the 
succession in some detail, and afterwards to compare it with the 
development in the district lying immediately south of the faults. 

On the Geological Survey maps, the greater part of the area 
west of Lee Gate House (with the exception of Black Hill and the 
district immediately south of it) is coloured the same as the Great 
Sear Limestone of the Ingleborough district: that is to say, the 
succession up to the Girvanella Nodular Band at the base of Dy. 
The beds actually included, however, range up to the summit of 
the Orionastrea series, and in the eastern portion of the area near- 
Bordley include even higher beds of Ds age. 

The base of the Carboniferous is nowhere actually seen, neither: 
has the DMichelinia Zone been identified, except at the two 
extremities of the district: namely, in the railway-cutting near 
Great Stainforth, and in the bed of the Wharfe opposite Kilnsey, 
north of the faults as already described. The Silurian floor is. 
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stated by Davis & Lees (13, p. 38) to occur at the entrance to 
Gordale; while Mr. Cosmo Johns (33) suggests that the line of 
springs which occur at the foot of Settle Banks may indicate the 
position of an impervious barrier of pre-Carboniferous rocks. No 
exposure, however, of such rocks does actually occur, nor should 
we expect them here, as the springs issue at the 1150-foot contour, 
while the base of D, lies about the 1250-foot contour, leaving 
only some 100 to 120 feet for the whole of the Productus (S) and 
the Michelinia (C) beds, which between Settle and Langclitte, a 
mile farther west, have a thickness of 300 feet or more. 


(a) The succession between Settle and Malham.— 
As already mentioned, the age of the lowest beds exposed in the 
Ribble at Settle Bridge and at King’s Mill (the Old Snuff Mill) is 
problematic ; but they should represent the dL¢chelinia Zone. 
The overlying beds, which crop out at intervals along the eastern 
slope of the Ribble valley between Settle and Langcliffe, consist 
of dark limestones, and represent the Gastropod Beds (S,) of the 
North-Western Province. The overlying Nematophyllum-minus 
Beds (S,) are well exposed at the top of Banks Lane, where they 
form a terraced outerop dipping 10° north-north-westwards. They 
consist of dark-grey limestones, similar to the beds which form the 
lower portion of Horton and Coombe’s Quarries north of the faults. 
They contain good specimens of the index-fossil, together with a 
large form of diphyphyllid Lithostrotion,! Straparollus dionysit, 
cand a few other fossils. This exposure of the V.-mznus Beds can 
be traced from Banks Nursery northwards to the neighbourhood 
of Langeliffe Quarry; but this horizon with its index-fossil has 
not been identified on the western bank of the Ribble. The beds _ 
appear to pass up normally into the overlying Dj, series under 
Blua Crags; but their relation to the beds east and south of 
Banks Nursery is obscure. The main escarpment forming Blua 
‘Crags, Warrendale Knotts, and Attermire Scar is separated from 
the ridge forming High Hills on the south, by an east-and-west 
fault, the ‘Attermire Fault’, which occupies the depression 
running from the southern end of Blua Crags eastwards to beyond 
Stockdale Farm, where it appears to join the Middle Craven Fault. 
At its western end this Attermire fault coincides generally with 
the footpath which leads from Banks Lane to the Rifle Butts, and 
-on the south side of which, D, beds are seen dipping steeply 
northwards to the fault. Prof. J. H. Marr, who first called 
attention to this fault (which is not indicated on the Geological 
Survey map), suggested that it continued westwards past Banks 
Nursery, and crossed the Ribble between Settle and Langcliffe. 
‘This would be a reasonable expectation for anyone viewing the 
fault from the east; but the fault cannot be traced in the field 
beyond the neighbourhood of Banks Nursery, where the Nemato- 

phyllum-minus Beds appear to crop out uninterruptedly across its 


ae Compare Diphyphyllum lateseptatum var. gigantewm Thomson. 
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supposed course (Pl X). It must, therefore, either die out here, 
or turn north-north-westwards to Langelitfe, or south-south- 
westwards to Castlebergh, where.a fault evidently oceurs, skirting 
this limestone block on the south-east. The structure, indeed, 
of the strip of ground lying between the Attermire Fault and 
the Middle Craven Fault of the Geological Survey map is very 
complicated and puzzling, and it will be best to leave the detailed 
description of that area until later, confining our attention at 
present to the main outcrop lying north of the Attermire Fault. 

Over the area east of Settle and Langeliffe the exact junction 
between S and Dis difficult to determine, as the beds are extremely 
unfossiliterous, and the porcellanous layer which divides these 
zones elsewhere has not been definitely identified in the district 
between the faults. The line of junction shown on the map 
(Pl. XXI), therefore, only represents approximately the position 
of the base of D,. The Cyrtina-septosa Band can be traced over 
most of the western portion of this district as far as Settle Sear, 
east of which even this horizon appears to be devoid of fossils in 
the neighbourhood of the Middle Craven Fault. The district 
is traversed by several north-west to south-east faults which have 
been determined by mapping the outcrop of the Cyrtina Band. 
The most important of these faults is that which runs from a 
little east of the Rifle Butts, past the foot of the Victoria Cave 
to Upper Winskill Farm, mentioned by Mr. Cosmo Johns (33). 
The downthrow here is westwards, repeating the outcrop of the 
Cyrtina Band, and giving rise to the escarpment of Langcliffe 
Sears and Attermire Sear. 

An excellent exposure of the Cyrtina Band may be seen in 
Langcliffe Scar, in the face of an old quarry close to the gate on 
the road leading from Langeliffe to Cowside Farm. Over this area 
the band contains concretionary structures resembling algal nodules, 
and is associated with a fine-grained false-bedded layer, both of 
which are conspicuous on the weathered surfaces. Apart, however, 
from the Cyrtina Band, the D, beds are singularly unfossiliferous. 
Specimens of Productus maximus and large examples of Hwom- 
phalus acutiformis are, however, occasionally met with. 

Above the Cyrtina Band the beds become darker and more 
erinoidal, and pass upwards into D,. The base of the Lower 
Lonsdalia Beds is marked, as usual, by the Girvanella Nodular 
Band, which can be traced with the overlying Lower Lonsdalia 
Beds at intervals between Cowside Farm and Great Scar, north- 
east of Stockdale Farm. Hast of this the outcrop is interrupted 
by the Grizedales Fault, which here runs out against the Middle 
Craven Fault. The base of D, reappears at the surface farther 
east at Twin Bottom Scar, and can be traced hence in a northerly 
direction until it is faulted out by the north-west and south-east 
fault which runs along the foot of Long Scar. 

Above the Lower Lonsdalia horizon the beds consist of thinly- 
bedded crinoidal limestone, for the greater part devoid of other 
fossils; but, towards the top of the series, silicified specimens of 
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Athyris lamellosa and Spirifer bisuleatus occur plentifully, 
together with a few cup-corals. The presence of Athyris lamellosa 
is characteristic of this horizon, and is of zonal value in the Settle 


district, as it is not met with at other levels. This horizon is also. 
characterized by the occurrence of a thin layer rich in bryozoa,. 


notably Stenophragma and Dyscritella. This layer is well seen in 
the cliff behind the old limekiln on Great Scar, and appears to 
mark a constant horizon. Its outcrop is indicated on the map: 
(Pl. XXI) as it has been found useful in bringing out the 
structure of the district. These crinoidal beds lying between the 
Lower Lonsdalia horizon and the Ortonastrea Band, which we 
may conveniently define as ‘the Bryozoa Series’, represent appar- 
ently the horizon of the Hardraw Shale in Wensleydale and the 
Productus-pugilis Beds on the north-western flank of Ingle- 
borough and in Cam Beck. Although the Bryozoa Series as a 
whole is poor in fossils, there are one or two exposures where the 
fauna is peculiarly rich. The most important of these occurs near 
the head of the Stockdale Beck, 300 yards south-west of Twin 
Bottom Scar, and close to the Middle Craven Fault near the track 
leading from Stockdale Farm to Malham. Here a metalliferous 
vein was formerly exploited for lead- and zine-ores, and fragments. 
of copper carbonate are also still to be found in the old washings. 

A section of the limestone is exposed in an excavation, now 
partly filled with water, and is conspicuous for the number of eup- 
corals weathered out along its face, (a similar development occurs 
on the right bank of Moor Close Gillin the Bordley district, to be 
described later) ; both exposures appear to le at the same horizon ; 
namely, a short distance below the summit of the Bryozoa Series. 
The list on p. 228 includes specimens from both of these 
localities. 


This fauna, taken as a whole, is noteworthy. Codaster acutus, 
for instance, has not been met with in the North-Western-Province ; 
but it is recorded from Bowland by M‘Coy. It oceurs in consid- 
erable numbers at the lead-workings near Pikedaw, but we have 
only found two specimens in the Bordley district. Our collection 
also includes one specimen of Codaster trilobatus, which is re- 
corded by M‘Coy from Derbyshire. The presence of Cyathaxonia 
rushiana is also noteworthy: it has not been met with else- 
where in the Yorkshire district, and only in Great Rundal Beck 
in the Pennine area. The character of the deposit appears to 
point to shallow water, and most of the brachiopods are frag- 
mentary, suggesting current-action or beach-formation. The 
fauna is more reminiscent of the ‘knoll’ development south of 
the faults than any bed met with elsewhere in the North-Western 
Province. At the same time, very few species are identical with 
those characteristic of the Malham reefs, and such characteristic 
knoll-reef forms as Pugnax acuminatus, Spirifer striatus, 
Goniatites, ete. are absent. 
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Fauna of the Bryozoa Series. 
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The Bryozoa Series on the high ground round Back Scar and 
Outside is succeeded by a thin cherty limestone, containing silicified 
specimens of Lonsdalia floriformis, Alveolites, and other fossils. 
This bed forms the dip-slope on Back Sear and in Gorbeck on 
the north-east, where it is shifted by the series of north-north- 
westerly faults which occur between Back Scar and Outside. It 
is well exposed at the western end of Great Scar near the sheep- 
fold (Pl. XV, fig. 2) and has been utilized for supplying material 
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for building the parish boundary-wall, which runs east and west 
across Clattering Sike, where many beautiful specimens of 
Lonsdalia may be seen. ‘this cherty Lonsdalia Bed is again 
seen on the western face of Haw Knabs, immediately south-east 
of Black Hill, where it is brought to the surface on the upthrow 
side of an important north-west and south-east fault. Above the 
cherty limestone at the western end of Great Scar occurs a massive 
lenticular layer of limestone, composed entirely of crinoid débris. 
The bedding here is of interest, for, whereas the cherty Lonsdalia 
Bed shows a general synclinal structure, the bedding of the over- 
lying erinoid lenticle is horizontal or even anticlinal in structure 
(Pl. XV, fig. 2). At first sight, this gives the impression of an 
unconformity at this horizon, as if the crinoid-bed had been 
deposited on the folded surface of the syncline. It is more 
probable, however, that the phenomenon is the result of pressure 
acting subsequently to the deposition of both beds, and that 
the massive crinoidal layer has resisted compression, causing the 
more yielding beds below to fold round it. It is, therefore, an 
interesting example of how knoll-structure may arise, and be 
subsequently emphasized by earth-movements. A similar crinoidal 
layer also oceurs above the chert-bed on Haw Knabs. The higher 
Yoredale Beds are not well exposed, as the area is much drift- 
covered. The dip-slope evidently represents the summit of the 
Bryozoa Series, and some of the exposures in pot-holes have yielded 
Productus pugilis. In Clattering Sike, the stream has cut down 
through a bed of shale a few feet thick, the upper calcareous 
portion of which contains abundant specimens of Productus latis- 
semus. The bed is also interesting, on account of the numerous 
specimens of small Zaphrentids which it contains (Zaphrentis con- 
stricta, Z. costata, Z. densa, and Z. enniskilleni). The over- 
lying limestone, which is not well exposed, evidently represents the 
Orionastrea Band, and several | arge fragments of O. phillipsé 
were found washed out of this bed ; while large specimens can 
be seen in the wall close by. North of this the beds are much 
obscured by drift, and the structure is difficult to determine. 
The few isolated exposures of limestone that do occur afford no 
evidence of their exact position in the sequence. The outcrop of 
grit on Black Hill is coloured on the Geological Survey map as 
Millstone Grit. It is separated from the beds of Haw Knabs by 
a fault, and there appears to be no representative of the Main 
Limestone in the neighbourhood. It is possible that it represents 
a grit in the higher portion of the Yoredale Beds. 


(b) The district between Malham and Bordley.—The 
area between the faults north of Malham, stretching from Pikedaw 
Hill to Great Knott, is almost entirely composed of “rocks belon ging 
to the Lower Dibunophyllum Sub-zone. The Cyrtina- -septosi 
Band can be traced over the greater portion of the district, but is 
interrupted in places by small faults which have the usual north- 
westerly or north-north-westerly trend. The most important of 
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‘these is that which runs between Dean Scar and Ing Sear, bringing 
the Girvanella Band against the Cyrtina Band at Lang Scar with 
.a throw of 80-100 feet down to the south-west. The other faults 
are little more than cracks or master-joints, but their existence has 
an unportant influence in determining the surface-features of the 
district. Thus, Trowgate and the ‘depressions on each side of 
Abbot Hills coincide with three of these dislocations; while Gordale, 
although it shows but a slight displacement of the Cyrtina 
Band which crops out round the edge of the gorge, has doubtless 
been determined by a crack with a similar north-north-wester ly 
trend. 

The lower portions of the scars at Malham Cove and at the 
entrance of Gordale should include the horizon of the Nemato- 
phyllum-minus Beds, as the base of the cliff in each case lies some 
400 feet below the Cyrtina Band, and the average thickness of D, 
below that band, wherever it has been measured elsewhere, is only 
180 to 200 feet. The beds here are, however, almost totally 
devoid of fossils, and no definite evidence of their age has been 
obtained, 

About a mile east-south-east of Pikedaw Hill, and immediately 
north of the Middle Craven Fault, occurs a bed of limestone- 
conglomerate containing pebbles measuring up to 3 inches in 
diameter, and a similar bed is also found farther east on Great 
Knott. These two patches of conglomerate do not, however, 
belong to the same horizon: for, while the outcrop near Pikedaw 
lies some distance below the Cyrtina Band, the bed at Great 
Knott occurs above this band not far below the base of Dj. These 
limestone-conglomerates are very similar in character “to those 
which oceur below Middle High Hill and Halsteads Knoll east of 
Settle. The bed at Great Knott contains a few bipyramidal 
quartz-crystals, which are apparently confined to the pebbles 
(Pl XIX, fig. 5a). These patches of conglomerate appear to 
be a contemporaneous deposit, and not a crush-conglomerate, as 
their position near the Middle Craven Fault might suggest. 

No beds of Dy age have been identified north of Malham Lings. 
"The highest beds, however, near the North Craven Fault on ER 
Moor ae Torlery Edge contain a Productus Band which must lie 
very nearly, if not actually, at the base of D,. This band isa 
thin gritty limestone, crowded with rolled Producti, including a 
‘small form of P. striatus. 

Between Gordale and Bordley Beck the area may roughly 
be divided into three portions. In the west and north-west the 
‘surface is still oceupied by beds belonging to the Lower Dibuno- 
phyllum Sub-zone ; while ‘the central and north-eastern portion is 
‘cecomposed of the Yoredale Beds, which here include the cherty 
Orionastrea Band, together with 50 feet of the overlying lime- 
stone. The southern portion, however, for a third of a mile north 
of the Middle Craven Fault, is not composed of rocks belonging 
to the Northern Succession, but is ocenpied by a mass of Bowland 
‘Shale belonging to the succession which is elsewhere a tae 

Q2 
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of the country south of the faults. The stratigraphical relation of 
this mass of shale to the northern series is obviously a discordant 
one, as several different horizons of the Northern Succession abut 
against its western and northern margins. The exact relationship: 
ot the two series will be dealt with later, when other patches of 
rock of southern facies occurring north of the Middle Craven 
Fault are discussed. 

The Lower Yoredale Beds occupying the central and north- 
eastern portion of this area show a development similar to those: 
which represent this portion of the succession north-east of 
Malham, but they differ in certain particulars. The whole 
succession is composed of limestone, and there is no true shale 
developed beyond the thin shaly partings usually present in the 
Lower Lonsdalia Beds. The Girvanella Band, at the base, is- 
well exposed in Cow Gill and in its continuation in Heber Beck ; 
while the Lower Lonsdalia Beds with Productus giganteus can 
be examined at the waterfall in Cow Gill, where they are highly 
fossiliferous. Below the waterfall the succession is interrupted by 
a small north-westerly fault which runs diagonally across the beck, 
and brings down the higher beds on the north- east. The Lower 
Lonsdalia Beds at the fall are characterized by»an abundance 
of a large form of efreularia lineata, while the shaly partings. 
contain the nodular concretions docenived from this horizon on 
Ingleborough, and enclose the same species of Zaphrentis. ‘This. 
bed also contains a new genus of coral, which has been identified by 
Mr. Rt. G. Carruthers as similar to a form that he has found at 
Bundoran (Donegal), but has not yet described and named. 
We append a list of the fauna from the Lower Lonsdalia Beds, 
between the faults east of Settle :—— 


Girvanella sp. | Productus cf. conciinnus Sowerby. 
| Productus giganteus Martin. 
Endothyra sp. | Productus latissimus Sowerby. 
Valvwlina sp. | Productus near lobatus Sowerby. 
| Productus pugilis Phillips; early 
Amplexus sp. mutation, plentiful. 
Caninia cylindrica Scouler. | Productus suleatus Sowerby. 
Caninia sp. — Buxtonia scabricula (Martin). 
Dibunophyllum splendens Thomson; | Pustula punctata (Martin). 
one specimen. | Relicularia lineata (Martin) ; large: 
Lithostrotion maccoyanum Edwards & form, very abundant. 
Haime. Schizophoria resupinata (Martin). 


Lonsdalia floriformis (Fleming). 

Zaphrentis sp. noy. 1. 

Zaphrentis aft. enniskillent Edwards 
& Haime. 


Spirifer bisulcatus Sowerby. 
Spirifer humerosus Phillips. 
Tylothyvis laminosa (M‘Coy). 


Chonetes sp. Pinna flabelliformis Martin. 


Dielasma hastatwin (Sowerby). | 
Martinia glabra (Martin). | Trilobite-fragments. 


The Bryozoa Series, which overlies. the Lower Lonsdalia Beds. 


is here somewhat reduced in thickness; but the beds are well 
exposed immediately east of the waterfall in Moor Close Gill, 
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where they are highly fossiliferous. The development here is 
similar to that found at the old lead-workings near Pikedaw Hill 
described above, where a list of species collected from both localities 
is included (p. 228). Specimens of Codaster acutus, however, 
are rare at Moor Close Gill; but the fauna shows the same 
approach to the knoll-reef type of development as at Pikedaw Hill. 
Michelinia megastoma and FLylothyris subconica, Productus 
tissingtonensis, P. margaritaceus, and P. tessellatus oceur in both 
localities, while young forms of Martinia glabra are common. 

The beds, which consist of crinoidal limestone, are somewhat 
recrystallized and impregnated with dolomite, apparently owing to 
their proximity to the small fault which crosses Cow Gill and 
Moor Close Gill mentioned above. The overlying Orionastrea 
Band crops out in a small mound on the left bank of Moor Close 
Gill near the waterfall, and is underlain (as usual) by a conipact 
dark limestone yielding Productus latisstmus and P. edelburgensis. 
A better exposure of the band, however, occurs on the right bank 
of Cow Gill a quarter of a mile north of New Houses, where it 
erops out near the top of the cliff. Here we find the best 
development of the Orionastrea Band in the district. The index- 
species forms lenticular masses interbedded with reefs of the tine 
variety of Lithostrotion junceum commonly found at this horizon 
elsewhere. The band contains abundant lenticles of chert, and 
the corals are partly silicitied. The fauna includes examples of 
Pemmatites (Pl. XVII, fig. 2) and anchoring spines of /Hyalo- 
stelia, identical with those recorded above from the Lamellibranch 
Bed on Ingleborough. The Orionastrea Band is overlain by about 
50 feet of crinoidal limestone, which is exposed at the top of the 
eliff below New Houses Farm. ‘The upper portion of the section 
is fossiliferous, and contains Lonsdalia floriformis crassiconus, 
and the following fauna, some of the specimens being replaced by 
beekite :— 


a 


LET ANTS RSE ie very weathered specimens 


Lophophyllum sp. 
Productus edelbwrgensis Phillips. 
Productus longispinus Sowerby. 
Productus pugilis var. Phillips. 
Productus quadratus Muir-Wood (MS.). 
Buxtonia scabricula Martin. 

Overtonia fimbriata J. de C. Sowerby. 
Pustula spinulosa Sowerby. 


Fish-tooth. 


These are the highest beds of the Northern Succession exposed 
in the district between Malham and Bordley. On the whole, the 
‘succession, compared with the western portion of the district, is 
characterized by the more pronounced calcareous development of 
the higher beds and the total absence of true shale. The district 
is traversed by two north-west and south-east faults in addition to 
that described in Cow Gill. These appear to let down a narrow 
‘tract of ground between them, forming a small rift-valley immedi- 
ately east of Lee Gate House. 
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IV. Tue Disrricr Sourn or THE Favunrts. 


In the district immediately south-west of the South Craven 
Fault, between Ingleton and Settle, the Carboniferous rocks ex- 
posed at the surface consist entirely of Millstone Grit and Coal 


Measures, and there are no exposures of the Lower Carboniferous. 


until we reach Green Pike near Dale House. East of Settle, how- 
ever, between Settle and the valley of the Wharfe, are three areas 
where the beds underlying the Millstone Grit appear at the surface 
abutting against the southern margin of the Middle Craven Fault. 
The first of these occurs in the Sealeber area near Settle, the second 
in the Malham area, and the third in the Knoll area at Cracoc. 
In all these places typical knoll-reef limestones occur, succeeded 
apparently by Bowland Shales. It is not the purpose of the present 
paper to describe in detail the geology of the country lying south 
of the faults. It is necessary, however, to give some account of 
the succession in the Sealeber and Malham areas, in order that a 
comparison may be instituted between the southern facies and the 
succession established north of the Middle Craven Fault. These 
areas are not included in the description of the Craven Lowlands. 
given by Dr. A. Wilmore, and, as already stated, no memoir has. 
been published dealing with Sheet 60 of the Geological Survey 
map, which includes these areas. 


(1) The Scaleber Area. 


Immediately east of Settle, the South Craven Fault is jomed by 
the Middle Craven Fault, which runs eastwards by Malham to the 
neighbourhood of Threshfield ; while the South Craven Fault trends, 
south-eastwards in the direction of Skipton. It is in the angle 


between these two faults that the limestones and shales appear: 


from beneath the grits in the Sealeber area. The country is, 
partly covered with drift, which appears to have given rise to a 
small glacial lake at Halsteads. The overflow from this lake has 
cut a gorge through the knoll-reef limestone in the lower portion 


of Stockdale Beck, and has also excavated the gorge of Scaleber- 


Beck below Scaleber Force, thus exposing a continuous section 
. 7 rah e 
between the Middle Craven Fault and the Skipton branch of the- 
South Craven Fault. 
The limestones in Stockdale gorge are partly dolomitized and 
impregnated with silica, while a north-to-south fault brings on the- 


Bowland Shales east of the gorge, so that the true thickness of the- 


knoll-limestones is difficult to ascertain. The general succession in, 
this area appears to be as follows :— 


Kinderscout (?) Grit. 

Pendle Grit, with sandy shales. 

Bowland Shales, 

Knoll-Limestone. 

Limestone and chert of Scaleber Quarry, overlain by dolomite. 
Black Limestone, with shaly partings, of Scaleber Force. 


a 


ee 
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The lowest beds exposed are the dark limestones of Scaleber 
Beck, seen in the waterfall and in the gorge below. The base is 
not reached, as the beds are faulted against the grits by the 
Skipton branch of the South Craven Fault. Altogether, about 
120 feet of black limestones with shaly partings are exposed in 
Sealeber Beek. The fauna is seanty, but the following species 
have been collected from this series :— 


Diphyphyllum sp. | Pustula punctata (Martin). 
Lithostrotion irregulare (Phillips). Reticularia lineata (Martin). 
Zaphreintis sp. (enniskillent gens). | Schizophorva resupinata (Martin) ; 


large form. 
Spirifer bisulcatus Sowerby. 


Seminula ambigua (Sowerby). 


Chonetes hardrensis Phillips. | Brachythyris ovalis (Phillips). 
Chonetes papilionacea Phillips. 

Derbya gigantea Thomas, ‘| Modiola sp. 

Leptena analoga Phillips. | Platyschisma glabrata Phillips. 
* Orthotetes’ sp. Straparollus sp. 


Productus concinnus Sowerby. 
Productus corrugatus M‘Coy. Griffithides sp. 
Productus @ Sibly. Phillipsia sp. 
Pustula aculeata (Martin). 
Pustula elegans (M‘Coy). 


This fauna suggests a high horizon in D, Productus concinnus 
and P. @ being typical D, forms in Derbyshire; while Pastula 
aculeata, P. elegans, and Brachythyris ovalis are characteristic 
forms in the Cracoe Reefs. On the whole, the fauna suggests a 
1), horizon. 

Immediately overlying this series we find 25 feet of dark lime- 
stone with shaly partings, containing chert-nodules, exposed in 
Sealeber Quarry north of the road. The beds here are much more 
fossiliferous than the underlying series, and the following species 
have been collected from the beds in this quarry :— 


Caninia cylindrica Scouler. Orbiculoidea nitida (Phillips). 


Caninia sp. Productus aff. concinmus Sowerby. 

Lithostrotion affine (Fleming). Productus spp. 

Lithostrotion arachnoideum Buetonia scabricula (Martin); a 
(M‘Coy). | typical D,, form. 

Lithostrotion irregulare (Phillips). Pustula elegans (M‘Coy). 

Lithostrotion portiockt (Bronn). | Pustula punctata (Martin). 

Michelinia sp. Schizophoria resupinata (Martin). 

Syringopora reticulata Goldfuss. ‘ Orthotetes”. sp. 

Athyris sp. Edmondia sp. 

Chonetes compressa Sibly. Straparollus dionysii (Montfaucon). 


Chonetes papilionacea Phillips. 
Martinia glabra (Martin). 


Vestinautilus sp. 


This assemblage appears to denote a D, to D, horizon. Litho- 
strotion affine is recorded from Castleton in Derbyshire, while 
the large form of Schizophoria resupinata appears to be identical 
with the form which occurs above the Lower Lonsdalia Beds. 
at Sellet Mill near Kirkby Lonsdale, and Gleaston in Furness. 
The most important feature, however, is the occurrence of Litho- 
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strotion arachnoideum in considerable abundance. ‘This coral 
has not been met with in the North-Western Province; but 
Mr. D. Parkinson informs us that he has recently found it to 
be not uncommon at the base of the Pendleside Limestone of 
the Clitheroe region. 

The beds in the quarry show a slight anticlinal structure ; the 
general dip, however, is north-north-westwards. About 60 yards 
north of the quarry and west of the gorge dolomite sets in, and 
still farther north most of the hillside between the road and the 
beck is composed of this material. Farther north again, knoll- 
reef limestone comes on, and also shows signs of dolomitization 
at its southern margin. This knoll-limestone culminates at the 
1100-foot contour, and extends eastwards across Stockdale gorge 
and northwards to the Middle Craven Fault. On the eastern bank 
ot the gorge the beds are apparently shifted to the north by a 
small fault, so that the black limestone of Scaleber Quarry forms 
a low cliff dipping 15° north-north-westwards and extending a. 
considerable distance up the gorge. ‘These beds are much altered 
and silicified, and contain local patches of dolomite. They 
terminate at the northern end against a patch of Bowland Shale 
which occupies a slight depression on the left bank, and are suc- 
ceeded farther north by knoll-reef limestone, the beds being cleaved 
and dolomitized at the northern end of the gorge as they approach 
the Middle Craven Fault. The patch of Bowland Shale occupying 
the left bank just mentioned is somewhat difficult to account for; 
it may be brought in by a continuation of the fault which crosses 
Black Gill Beck at School Share, otherwise it might be interpreted 
as due to overlap of the Bowland Shales. 

The fauna of the knoll-limestones closely resembles that of the 
Cracoe knolls, the fossils being distributed somewhat sporadically, 
certain species occurring in patches. This is markedly the case 
with the goniatites, which are specially abundant near the centre 
of the exposure on each side of the gorge. The collection of 
fossils presented by the late Mr. Burrow to the Sedgwick Museum, 
Cambridge, was probably obtained for the greater part from this 
knoll-reef limestone, and a list of species is given by MeKenny 
Hughes in his paper on Ingleborough (30). <A few of the more 
important species that we have collected from the reef-limestone 
here are enumerated in the table on pp. 289-42. 

The main mass of Bowland Shale crops out a little to the east 
of the gorge, and, according to the Geological Survey map, is 
brought in by a north-and-south fault. This must certainly be 
the case, unless we postulate an overlap of the Bowland Shales in 
this district. The country is a good deal obscured by drift; but 
a few outcrops of Bowland Shale occur north of Black Gill 
Lane. The best section, however, is seen in Black Gill Beek, 
immediately south of the lane. In the lower part of this beck 
the shales are much disturbed in the neighbourhood of the eastern 
braneh of the Settle-Skipton Fault, while farther up the stream 
# small fault is seen in the cliff on the left bank. At the head of 
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the beck, where it is crossed by the lane, the Bowland Shales are 
-overlain by the Pendle Grit-with-Sandy Shales of the Geological 
Survey nomenclature. The Bowland Shales contain occasional 
‘bullions’; but both the nodules and the shales in the beck 
section are almost devoid of fossils, except for a few badly 
preserved specimens of Posidonomya membranacea. One nodule, 
however, coileeted from an outcrop of shale north of the lane. 
‘contained numerous specimens of Glyphioceras pseudo-bilingue. 
The chief interest of the section in Black Gill Beck is the presence 
ofa shattered limestone which crops out in the cliff on the left 
bank, close to the fault mentioned above, and about a quarter of 
a mile south-east of Scaleber Bridge. This limestone is highly 
fossiliferous, and one of the more compact layers is crowded with 
concentric nodules, averaging about an inch in diameter, well seen 
on the weathered surfaces. Under the microscope these nodules 
-are found to contain abundant eell-threads of Girvanella of two 
sizes, which resemble very closely the structures in the Girvanella 
Band that everywhere forms the base of D, in the succession 
‘north of the faults. 

The fossils collected from this limestone include the following 
forms :— 


Alveolites capillaris (Phillips). | Zaphrentis densa Carruthers. 
Caninia sp. Zaphrentis sp. 

Dibunophylium sp. 

Lithostrotion junceum (Fleming). | Productus ef. edelbwrgensis Phillips. 
Lithostrotion maccoyanum Edwards Productus giganteus Martin. 

& Haime. Spirifer bisulcatus Sowerby. 
Iithostrotion portlocki (Bronn). Spirifer dwplicicostus Phillips. 
Orionastrea ensifer (Edwards & 

Haime). | Bellerophon sp. 


The outstanding feature of this fauna is the occurrence of 
Orionastrea ensifer. This species is plentiful in the Bristol 
district and in North Wales in D,, but has not hitherto been 
recorded from Yorkshire. It is so far unrecorded from Derby- 
shire, Westmorland, and Scotland, but has recently been collected 
by Mr. Charles Edmonds from the fourth limestone (D,) of 
Egremont, West Cumberland (15). So far as we are aware, 
it has not been found to oceur in the normal southern 
-development in the district south of the faults. The rest of the 
fauna, notably Lithostrotion junceum, Productus giganteus, and 
Laphrentis densa, consists of typical species from Dy, of the 
North-Western Province facies north of the faults. The presence 
-of Girvanella nodules is interesting, as they are characteristic of 
the base of D3, and occur also in the Lower Lonsdalia Beds 
above. They have not hitherto been recorded from the normal 
-succession south of the faults. This exposure in Black Gill Beck 
is the only clear section, south of the Middle Craven Fault 
in the Sealeber area, where a fossiliferous limestone has been 
found apparently incorporated in the Bowland Shales (39, p. 346, 
fig. 12). The limestone is much disturbed and ironstained, and 
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some of the blocks are partly isolated in the shale. ‘The edges of 
the blocks are often rounded, and present a nodular appearance ; 
and it is difficult to trace a definite succession in the deposit. The 
rock, as a whole, has a curious exotic look, resembling a fragment 
out of place. Its occurrence close to a small fault might have 
caused this appearance of shattering; but there is no sign of the 
limestone on the opposite bank, or elsewhere in the beck. The 
possibility of glacial transportation occurred to us, but was 
rejected. In any case this deposit, apparently in the Bowland 
Shales, presents a problem which cannot be satisfactorily solved 
until the detailed succession in the rocks farther south has been 
definitely established. Its appearance is not incompatible with 
the view that it represents an extension of the Yoredale Beds 
south of the Middle Craven Fault, over which Bowland Shales 
have been thrust before the Middle Craven Fault came into 
existence. 


Another important exposure of limestone south of the faults 
occurs on High and Low South Bank, on the south side of 
Stockdale, opposite the farm. It forms a dip-slope, about a 
quarter of a square mile in extent, and is surrounded and over- 
lain on three sides by Bowland Shales. The western portion, 
on Low South Bank, forms a small U-shaped outerop about 
300 yards wide at the base of the U, bounded on the east by 
the fault mentioned above, which coincides generally with the 
line of the wall. This portion consists of dark-grey limestone 
which, though somewhat altered and traversed by small calcite- 
veins, is fairly fossiliferous. The north-western extremity of 
the U is highly crinoidal, and resembles the fossiliferous Bryozoa 
Series near Bordley, north of the Middle Craven Fault. These 
beds include a layer containing crushed Productus and a 
specimen or two of Dibunophyllum. 

Farther up the hill, near the base of the U, higher beds are 
exposed, which contain a reef of Orionastrea phillipsi associated 
with Productus pugilis, P. edelburgensis, and Lithostrotion 
junceum. ‘his fauna is identical with that which oecurs north 
of the Middle Craven Fault, both at Clattering Sike and in 
the Bordley district, and again round Ingleborough, the horizon 
represented being the Orionastrea Band and the underlying 
Productus-pugilis Beds. The presence of this exposure of 
limestone belonging to the North-Western Province facies on 
Low South Bank is of especial interest, proving, as it apparently 
does, that there is an extension of the northern facies beneath the 
Bowland Shales on the south side of the Middle Craven Fault. 
The limestone on Low South Bank, taken in conjunction with the 
section in Black Gill Beck previously deseribed, shows clearly that 
the relation of the Bowland Shale to the underlying limestones is 
not a normal one, the horizon of the limestone under the shale- 
in Black Gill Beck being apparently low D, and that on High 
South Bank being the base of D,. The relation may suggest an: 
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overlap of the Bowland Shales, but both sections may equally well 
be explained by movement of the shales over the limestone. | 

The relation of the limestone to the Bowland Shales on Low 
South Bank is not clear: there appears to be a fault or crush 
along the western limb of the U, as the limestone rises here above 
the level of the shales, although the dip is northward. A. section 
showing Bowland Shales in contact with limestone is seen in a 
pot-hole, close to the wall on the 1450-foot contour at the south- 
eastern margin; but the relation of the two is difficult to 
determine, as the surface of the limestone has undergone solution, 
and the shales appear to have slipped. In the eastern or larger 
area on High South Bank, east of the fault, the limestone is 
much altered by impregnations of dolomite and silica; so much so, 
that over a large area hardly any unaltered limestone remains, 
except as kernels incorporated in the altered rock. 

On the south-eastern margin, near the parish boundary-wall, 
about the 1550-foot contour, white porcellanous limestone re- 
sembling knoll-reef limestone is seen, apparently overlain by 
Bowland Shale. The exact relationship is obscure, and the shale 
may be erushed or faulted against the limestone. It appears, 
then, that the limestone of Low South Bank belongs to the 
northern succession; while the porcellanous limestone of High 
South Bank more nearly resembles the knoll-reef type of deposit. 
The two limestones are separated by the north-north-westerly 
fault; but the general relationship is obscured by the high degree: 
of alteration which the limestone on the east has undergone. 

The section might be interpreted as showing a passage from the 
northern succession to knoll-reef limestone of the southern type ; 
but, if so, the passage takes place at the horizon of the Oréon- 
asti@a Band, whereas on High Hill, if we postulate a passage 
there, it must be on the horizon of D,. The presence of this 
extensive area of altered rock on High South Bank does not seem 
to be connected with the Middle Craven Fault, as the rock near: 
this fault shows little alteration where it can be examined in the 
beck below, but seems much more in the nature of mineralization 
due to horizontal movement or thrusting, and in this respect 
resembles the massive dolomite above Scaleber Quarry. 


(2) The Malham Area. 


In this area the rocks immediately south of the Middle Craven 
Fault show a development similar to that in the Scaleber district, 
and the succession again has an entirely different facies from 
that of the North-Western Province; but the Middle Cravem 
Fault here forms a sharp boundary between the two types. 

The knoll-limestone is well exposed on Cawden and on Wedber 
Brow, where the beds exhibit marked quaquaversal dips. Thé 
present form of these domes appears to be due, at all events in 
part, to earth-movements. Much of the limestone is well bedded, 
and almost devoid of macroscopic fossils other than crinoid débris. 
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This is clearly seen on the southern flank of Cawden, where the 
beds dip steeply south-eastwards, and there 1s no sign here of the 
shelly accumulations so frequently invoked in connexion with 
the origin of these knolls. Again, on the northern slope of 
Cawden, the prevalent northward dip has evidently been in- 
fluenced by proximity to the Middle Craven Fault. The fauna 
of these knolls is, in general, similar to that of the Cracoe knolls, 
and shows the same patchy distribution ; a list of the typical 
species is embodied in the table on pp. 239-42. The fauna 1s 
again characterized by the presence of goniatites, Glyphioceras 
crenistria being especially abundant on Wedber Brow. Malham 
village is built on this knoll-limestone, which also extends some 
distance west of it. The limestone is overlain by Bowland 
Shale, which dips off it on the east, south, and west. Good 
sections in the shales are seen in Hanlith Gill and its tributaries, 
but here the beds have yielded no fossils. In Cow Close Sike 
however, they contain Posidoniella levis, while some ‘bullions’ 
near the base are crowded with young specimens of Glyphioceras 
pseudo-bilingue. Between Wedber and Cow Close Sike the 
shales lie in a synelinal fold, so that west of Granny Guill 
the knoll-reef limestone reappears from under them on the left 
dank of the Aire, below Black Hole footbridge. The fauna 
here is similar to that of Wedber, and includes Glyphioceras 
crenistria. Warther south the limestone occupies the high ground 
above the 875-foot contour between Ingham House Laithe and 
Bark Laithe. The outcrop near Bark Laithe is of interest, as 
it contains an unusual development of bryozoa, notably Hemé- 
drypa sp. (which forms reef-like layers several inches thick), and 
Amplexus coralloides is locally abundant. The beds immediately 
underlying the knoll-reef limestones consist of well-bedded earthy 
dimestones with thin shaly partings, and contain abundant layers 
of chert. These beds, although thicker, appear to occupy a 
position similar to that of the cherty limestone in Scaleber 
Quarry ; but, in the district south of Malham, they are singularly 
devoid of fossils, and exhibit a considerable amount of folding and 
disturbance. They are well exposed in the old quarries near 
Hellen Stead, where they dip 70° northwards, and also on Haw 
Hill, east of Hanlith Hall, where they are pinched into a sharp 
synclinal fold (Pl. XV, fig. 1). They can be seen dipping under 
knoll-reef limestone on the left bank of the Aire, opposite Scale- 
gill Mill. 

Similar beds, along the same line of strike, appear west of the 
viver near New Close Barn, half a mile north of karkby Malham, 
where they are seen dipping 80° northwards, but turn up again to 
form a synclinal fold before reaching Pikedaw Barn. These 
chert-bearing beds are underlain by dark earthy shales with 
limestones, but devoid of chert. They crop out about a mile 
south of Hanlith Bridge, though a better exposure is seen west of 
the Aire in Kirkby Malham Beck, where some of the layers are 
fairly fossiliferous and contain Producti, notably P. pugilis, 


part 2] LOWER CARBONIFEROUS OF THE SETTLE DISTRICT. 230> 


P. margaritaceus, and Pustula pustulosa, together with 
Caninia sp. and other badly-preserved corals. These rocks 
resemble the beds of Sealeber gorge, and appear to occupy a 
similar position in the series. The occurrence of Productus 
pugilis in these beds is interesting, as this species is limited 
to a definite horizon near the summit of D,, in the North- 
Western Province. The succession in the Malham district, 
therefore, so far resembles the development at Scaleber, and is 
in marked contrast throughout with the development in the 
North-Western Province. 

South of Kirkby Malham Beck, erey limestones of a more 
massive character rise from beneath the shales with limestone. 
They crop out on Thornber and Tinderly Hills, and appear at 
intervals through the drift between Dikelands Farm and Holine 
(Ormsgill of the 6-inch map). Good fossiliferous exposures. 
occur in old quarries at Airton Green Rock, and near the lime- 
kiln on Tinderly Hill, east of Scosthrop Lane. Here they contain 
abundant specimens of a large form of Chonetes sp. nov., reef-like 
masses of Syringopora reticulata, together with plentiful young 
forms of Daviesiella lMangollensis, impregnated with secondary 
quartz-crystals. The last-named species occurs abundantly at the- 
base of D, in the Kirkby Stephen area, and is generally con- 
sidered to occupy a similar horizon, or slightly lower, in the 
Llangollen district and Anglesey. It has not been found in 
the Ingleborough district, but one full-grown example was 
collected by us from the road-quarry in the Hardraw Scar 
Limestone, south of Gale village, Wensleydale. On the whole, 
then, these limestones underlying the shales-with-limestones may 
be provisionally assigned to an horizon about $,-D). 


V. Tie OccturrEeNCE or Rocks or SourHERN FACIES BETWEEN. 
tHe Norra anp tHE Mipprnr Craven Favwrs. 


Although, as shown above, the strip of country lying between. 
the faults belongs essentially to the North-Western Province 
succession, it also contains certain patches of rock of markediy 
southern facies. These patches are found in two places: namely 
(1) immediately east of Settle, and (2) about a mile east of 
Gordale, in the neighbourhood of Bordley. In the first locality 
we find a typical development of ‘knoll-reef’ limestone with its 
characteristic fauna; while in the second an isolated outlier of the- 
Bowland Shale occupies a considerable area between the faults. 
Both these exposures lie close against the northern margin of the 
Middle Craven Fault. It is evident, therefore, that this fault 
does not everywhere form the boundary between the northern and 
the southern facies, as supposed by R. H. Tiddeman. The fact 
that patches of these rocks occur between the faults raises. 
problems of sufficient importance to warrant their description in. 
some detail. 
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(1) The High Hills District: Settle. 


Immediately east of Settle lies a ridge of high ground running 
in a general east-and-west direction, known as the High Hills. 
This “ridge rises into three eminences, named ‘ Low High Hill,’ 
“Middle High Hill,’ and ‘ High Hill % respectively, on the 6-inch 
Ordnance Survey map. The ridge forms a narrow tract of ground 

tapering eastwards. It is bounded on the south by the Middle 
Craven Fault, and is cut off on the north from the main escarp- 
ment of Attermire by the Attermire Fault, which passes close to 
the Rifle Butts, first described by Prof. J. EH. Marr. This ridge 
has a distinctly ‘knoll ’-like appearance when seen from the south, 
as shown in the photograph accompanying Prof. Marr’s paper (39, 
pl. xxiv). his character is especially striking in the case of 
High Hill itself, which forms the lofty eminence at the eastern 
end of the ridge. The southern face of the ridge is steep, under 
High Hill almost precipitous, and the direction of the bedding of 
the rock is obscure. The northern side of the ridge forms a dip- 
slope, and its lower oer at all events near the Attermire Fault, 
is composed of well-bedded grey limestone, admirably exposed 
between the old limekiln and Banks Nursery, south of the track 
leading from Banks Lane to the Rifle Butts. The beds here 
include layers of pseudo-breccia, and resemble, in all respects, the 
limestone of D, age which forms the main escarpment of the 
Attermire Fault. Judging from their lithology, they should lhe 
near the horizon of the Cyr tina-septosa Band; but the rock is 
almost devoid of fossils, and there is consequently no definite 
paleontological evidence of its age. It will be remembered, 
however, that this portion of the northern succession is also very 
sparingly fossiliferous north of the Attermire Fault. In what 
follows it will be assumed that this limestone has been correctly 
assigned to a horizon in D, of the Northern Succession. This 
bedded Dj, limestone, on the northern slope of the High Hills, 
can be traced southwards up to the summit of Middle High Hill. 
‘On the south of the divide, however, though still north of the 
Middle Craven Fault, the whole of the southern slope of High Hill 
-and most of the lower ground, east of the Roman Catholic Chapel, 
is apparently composed ‘of knoll-limestone. The rock here includes, 
as usual, unfossiliferous as well as fossiliferous patches, the former 
being often well-bedded; and it is not always possible to distin- 
euish this unfossiliferous bedded limestone from the D, limestone 
north of Middle High Hill. It is impossible, therefore, to mapa 
correct line of junction between the two types, owing to the 
erushed and faulted character of the ground. The most fossili- 
ferous exposure of the knoll-limestone occurs in the road-cutting in 
High Hill Lane, close to the Roman Catholic Chapel; but fossils 
may also be collected from the southern face of High Hill. 

It is clear, then, that the wedge-shaped track of ground con- 
taining the High Hills, lying between the Middle Craven Fault 
-and the Attermire Fault, is composed of knoll-reef limestone on 
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its southern face and of well-bedded D, limestone, belonging to 
the Northern Succession, on its northern slope. ‘onsequently, 
the Middle Craven Fault is not here the dividing line between the 
northern and the southern facies, neither is the Attermire Fault, 
as suggested by Prof. Marr (89). This close association of knoll- 
reef limestone with typical D, limestone of the North-Western 
Province brings us face to face with the general problem of the 
sudden change in the character of the beds from the northern to 
the southern facies which, as a rule, takes place at the Middle 
Craven Fault. 

The question naturally arises as to the relation of this knoll-reef 
limestone, which occupies the southern face of High Hill, to the 
D, limestone which forms its northern dip-slope. ‘here appear to 
be only two possible alternatives: namely, (1) that the knoll-reef 
limestone, although now separated from the knolls of Stockdale 
gorge by the Middle Craven Fault, is practically in place, and that 
it represents a development of a knoll-facies in the Lower Dibuno- 
phyllum Sub-zone of the Northern Succession, thus indicating a 
passage here from the northern to the southern facies in D, times ; 
or (2) that the knoll-reef limestone forming the southern flank of 
the High Hills is not of D, age, is not in place, and does not pass 
laterally into the D, limestone against which it abuts on the north. 
In that case its present position must be due either to overlap, or 
to a fault, presumably in the nature of a thrust. If the first 
supposition be correct, the knoll-reef limestone forming the southern 
face of the High Hills will represent some portion of the Lower 
Dibunophylium Sub-zone, even if it underlies the bedded limestone 
as it appears to do. It 1s essential, therefore. to compare the fauna 
ot the knoll-reef limestone of the High Hills with the fauna of 
other knoll-reefs in districts lying south of the faults. 

Two series of knolls have been described by Tiddeman and later 
authors: one series in the Clitheroe district, and another in the 
Cracoe district. These two series are usually considered to occur 
at widely separated horizons in the Lower Carboniferous succession. 
The Clitheroe knolls were considered by Tiddeman to oceur at 
a lower level than the Cracoe knolls, and were later regarded by 
Arthur Vaughan as representing horizons in or below the Seminula 
Zone of the Bristol district. The Cracoe knolls, on the other 
hand, were correlated by Tiddeman with his Pendleside Limestone 
of Pendle Hill (61, p. 321). Prof. Marr (80) correlates both the 
Pendleside Limestone and the Cracoe knolls with the Upper Scar 
or Main Limestone of Ingleborough, and Mr. Cosmo Johns (33) 
has supported this correlation. If this view be correct, it would 
place the Cracoe knolls high up in the Yoredale Series, and there- 
fore they would be the equivalent of Dg: that is, the Cyathaxonia 
Beds of Principal T. F. Sibly’s Derbyshire sequence. ‘Tiddeman’s 
correlation appears to be supported by the fact that both the 
Cracoe and the Malham knolls and the Pendleside Limestone are 
overlain by the Bowland Shales yielding characteristic goniatites. 
Prof. Marr’s correlation has not, so far as we are aware, been 
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challenged, except by the late Dr. Wheelton Hind (28), who con- 
sidered the Pendleside Limestone to lie above the Yoredale Series. 
which would place the Cracoe knolls on a still higher horizon. Un- 
fortunately, no published lists are available, giving an account of the 
lower knoll fauna of the Clitheroe district, and we have ourselves 
been able to pay only a brief visit to that area. Though several of 
the species from the Clitheroe knolls occur also in the Cracoe 
knolls, notably Amplexus coralloides and Pugnax acuminatus, 
there are many others which appear to be limited to the Cracoe 
knolls; of these we may specially mention the goniatites, 
Glyphioceras crenistria being the most abundant form. 

To facilitate comparison of the knoll-reef fauna of the upper 
horizon with that of the High Hills the lists tabulated on pp. 289— 
42 have been drawn up. A list of species collected by us from the 
High Hills occupies the first column: this list is probably by no 
means exhaustive, as we have been able to devote only such time to 
collecting as appeared sufficient to establish the general character 
of the fauna, and a local geologist would doubtless be able to add 
considerably to the list. 

Unfortunately, the collection made by the late Mr. Burrow, of 
Settle, now in the Sedgwick Museum at Cambridge, does not 
record exact localities, and it is impossible to draw on it for our 
present purpose: for, while many of the specimens undoubtedly 
came from the knoll-reef development in the neighbourhood of 
Settle, there is no indication as to which was the side of the Middle 
Craven Fault whence they were collected, and some specimens 
certainly come from the district north of the Attermire Fault. 
A list of species from the Craven knolls collected by one of us 
(HK. J. G.), at the time when Tiddeman was engaged on the survey 
of the district, is embodied in the fourth column. These were all 
obtained from the surface of the Swinden and Stebden knolls.1 

The second and third columns record small collections that we 
have made from the knolls of Malham and Stockdale gorge. They 
appear to represent the same general horizon as the Cracoe knolls, 
and also contain similar goniatites. If we compare these lists, we 
cannot avoid being impressed by the general similarity of faunas 
obtained from the Cracoe reefs and from the High Hills. This is 
especially striking in regard to the brachiopods, 35 species being 
common to both; also, in the case of the lamellibranchs, 9 species 
are the same: while the paucity of corals in both areas is note- 
worthy, though Amplexus coralloides is not uncommon. But, 
perhaps, the most significant feature is the occurrence in both 
localities of Glyphioceras crenistria. 'This species, so far as we 
are aware, has not been recorded from the Clitheroe knolls, and 
Mr. W. S. Bisat informs us that Glyphioceras crenistria does not 
occur in that district below the Pendleside Limestone. 

It is probable that the rocks in the Craven area belong to more 


1 A few other species are reported by Dr. A. Wilmore (76, p. 560). 
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List oF Fossins FROM THE KNOLL-REEF LIMESTONES OF :— 


I. The High Hills, Settle, north of the Middle Craven Fault. 


IL. Stockdale Gorge, Scaleber, south of the Craven Fault. 


Til. Cawden, Wedber, etc, Malham, south of the Craven Fault. 


IV. Cracoe, south of the Craven Fault. 
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Caninia (?) pie ica Slane! Aas Ray as seis asi 
Caninia sp. . de HE SD Or OCCORE Mena arce 

Car cinophyllum sp. 

Clisiophyllan sp. oar 
Cyathophyllum cf. murchisoni Edwards & Haime ... 
Dibunophyllwn sp. : Eetapete (aseincinsn wasienteaes ge 
Favosites parasitica Gol \dfuss 

Lithostrotion portlocki (Bronn) 
Lithostrotion irregulare Wdwards & Haime 
Michelinia (?) glomerata M‘Coy 
Syringopora reticulata Goldfuss 
Zaphrentis sp.; probably a new sp. ... eanes 
Zaphrentis cf. enniskilleni Kdwards & ‘Haime 
Zaphrentis nodosa (Smiythe)) .....5-<..t....-cccentuese ose 
Zaphrentis cf. omaliusi Edwards & Haime ............ 
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Chonetes comoides Sowerby .. ie 
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Orbiculoidea nitida (Phillips) Spas 
Avonia semicostata Muir-Wood (MS.) .......... 
Avonia youngiana (Davidson) 
Busxtonia scabricula (Martin) Aer cciewmsete utes 
Buxtonia sp. nov. Muir-Wood CMS.) 

Overtonia fimbriata (Sowerby) . : 
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Productus corrugatus M‘Coy .. pet 
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Produetus derbiensis sp. nov. Muir- Wood (A MS Nira 
Produetus cf. giganteus Martin ......... 2.0... seco 
Productus griffithianus (QilaGade Koniiek =... 
Productus hemisphericus group, ee 
Productus longispinus group, Sowerby... 
Productus margaritaceus g eibpe SaaS Ase 
Productus maximus M‘Coy... 
Productus multispinifer sp. nov. -Muir-Wood (as.) 
Productus quadratus sp. nov. Muir-Wood (MS.) .. 
Productus cf. rotundus Garwood .... 

Productus semireticulatus var. Martin & Davidson . 
Productus sulcatus Sowerby ........... . 

Productus striatus WisChetre.. yaeusattsccrdeceaces one: 
Productus striatus group Eh aten tirccienates cues Ceiy=ps 
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Productus sp. nov. Muir-Wood (MS.) .......... 
Proboscidiella proboscidea P. de Verneuil 
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Pustula aculeata (Marin sb Se aaBNaee er 
Pustula carringtoniana (Di widson) .. 

Pustula defensa \yor Thomas.. ened 
Pustula interrupta sp. nov. Muir-Wood (MS.) beac 
Pustula elegans (M‘Coy)... mires t 
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Pustula nystiana (L. G. de Koninck) 

Puslula pilosa Ivor Thomas ...........- 


G. de Koninck)... 


| Pustula plicatilis Cat a UE ses enersese hiiemeaee 
| Pustula punctata (Martin)... Sires 


Pustula punctata group ...... 


| Pustula pustulosa (Phillips) .. 
| Pustula rugata (Phillips) 


Pustula spinulosa (Sowerby) .. Daas 
Pustula subelegans Ivor Thomas ...... 
Sinuatella sinuata (lu. G. de Koninek) 
Pugnax acuminatus ee) Ms 
Pugnax pleurodon (Phillips) .. 

Pugnax pugnus (Martin) .. 

Pugnax pugnus (7?) (Martin) .. 
Reticularia lineata (Martin) ........ aes 
Reticularia lineata var. imbricata (Sow erby). Bomtee 
Reticularia reticulata (M‘Coy) 
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| Retzia radiata Phillips ..... 


Rhipidomella michelini (L‘ Eveillé) 

Schellwienella senilis (Phillips)... 

Schellwienella senilis (?) (Phillips) .. 

Schizophoria resupinata (Martin)..... 6.0.00. cceeee 
Schizophoria var. connivens (ae 
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| Spirifer acutus Martin 
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Spirifer (Fusella) Senolaple (2) Phillips. seme Saeron's 
Spirifer crassus L. G. de Koninck... 

Spirifer crassus (?) L. G. de Koninck . 
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Spirifer duplicicostus (2) Phillips Bee anes 08 
Spirifer (Fusella) grandicostatus M‘ Coy Beis 
Spirifer (Brachythyris) ovalis Phillips ............... 
Spirifer (Brachythyris) pinguis Sowerby . 

Spirifer rhomboideus eRe 
Spirifer striatus Martin . 
Spirifer subconicus Martin... 


Spirifer (Fusella) triangularis (Martin) 
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Spirifer sp.; seenote ..... 
Spiriferina octoplicata Sower by 
Syringothyris cuspidata (Martin) .. 


Hemitrypa sp. .... 
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Penniretepora sp. . 
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Aviculopecten fimbriatus (Phillips) .. 
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Aviculopecten plicatus (Sowerby) ... 
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| Cardiomorpha sp. 


| Parallelodon obtusus (Phillips) .. tat sesntnite cena 


| Posidoniella vetusta (Sowerby) .. 


| Posidoniella sp.. 


Aviculopecten semicostatus (Portlock) ................5+{ 

Aviculopecten stellaris Vee soantaeduneecewasiaeee eal 

Aviculopecten tabulatus (M‘ bos Auden Sooaasetayesl| 

Aviculopecten sp. ae 
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Ca rdiomorpha ¢ orbicularis M' Coy . = d6un Cab PRTREC DUE SOT 


Conocardium aleform me Sow erby | 
Conocardium sp. ... 
Edmondia unioniform mis s (Phillips)... 
Edmondia suleata (Phillips) Baeeusacee Teaco 
Humicrotis hemisphericus (Phillips) 
Humicrotis sp. . 
Leiopteria lunulata (Phillips) 
Leiopteria squamosa (Phillips) .. risaniem etna 
Leiopteria laminosa (Phillips) ................::s0c0er ee 
Limatulina aléernata (M'Coy) .........c0.scs006sse echoes 
Limatulina sp. (2%); new, very inflated .................. 
Modiola sp. ... 
Myalina lamellosa L. G. de Koninck ........... 
Myalina peralata L. G. de Konincek ..............0..000- 
Myalina vernewili (M‘Coy) .. eat. ae eR 
Mytilimorpha rhombea (Phillips) .. Prd nice Saeco 
Parallelodon reticulatus M‘Coy  ..........ccccccen vee 
Parallelodon bistriatus (Portlock) ..........6..00000 
Parallelodon cingulatus M'Coy............s60ssccseeeenes 
Parallelodon corrugatus L. G. de Koninck .. 
Parallelodon haimeanus L. G. de Koninck (=multi- 
lineatus) .. 


Parallelodon squamifer (eallipe) 
Parallelodon sp. ..... 
Pinna flabelliformis ( (Mar tin)... 


Posidoniella pyriformis Hind 


Posidonomya bathed Bronniesdesetsa clk ok ner 

Pseudamusium ellipticwm (Phillips)..................008 

Protoschizodus axiniformis (Portlock)...............6. 

Protoschizodus equilateralis (M‘Coy) .............66645 

Protoschizodus magnus (?) L. G. de Koninck......... 

Pterinopecten concavus (M‘Coy) we... ..e00 ceeeeeeee ees 

Pterinopecten concentrico-lineatus Hind  ............ 

Pterinopecten granosus (Sowerby) Sees 

Pterinopecten rigidus (M‘Coy) 2.0.00... .0eccccee ssn eeeeee 

Pterinopecten sublobatus ue) cs 

Pterinopecten tessellatus (Phillips) . 

Sanguinolites argutus (Phillips) 

Sanguinolites angustatus (Phillips) . 

Sanguinolites striatolamellosus (lu. G. de is Kéoniack) 

Sanguinolites striatogranulatus Hind .................. 

Sanguinolites tricostatus sae = striato- 
granulatus, according to Hind 

Streblopteria ornata (Htheridge) 


Bellerophon costatus Sowerby 


Bellerophon tenuifascia Sow ely ARONA MER IO scat 
Bellerophon sp.. Poona o Noro ‘onsorarogd duo 
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Euomphalus acutus (Sowerby) 
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Drenngen prisca cM Cone 

Flemingia gemmulifera ( (Phillips) .. vaetiavaete 

Lepetopsis retrorsus (Phillips). <............00s2.000-0- ++ 

Loxonema constrictwm (Martin)... Ff 

Lowxonema rugiferum (Phillips) ; very poor specimen. 

DLoxonema scalaroideum (Phillips) a Seuicoctot 

Luciella limbata (Phillips)... : 

Macrochilina conspicua lL. G. de Koninck (=imbri- i- 
cata of Phillips; 20n Sowerby) ..............25-1000+- 

Macrochilina acuta (Phillips)... EN pees 

Macrochilina rectilinea (?) (Phillips)... amighiye 

Metoptoma imbricata Phillips Shona 

Metoptoma pileus (Phillips) 

Metoptoma sp. (?) new . : sali Se ante Cea enone 

Mourlonia carinata (Sower by) . 2 icing Seca eteane eee 

Mourlonia cirriformis (Sowerby) .. 

| Mourlonia conica (Phillips) PEP Re rOSS Ke Gc 

Mourlonia concentrica Ce saclabiinprste silat dyste HOR 

| Mourlonia expansa teas 

Mourlonia vittatu eis) BPS) 

Mourlonia sp.. 


Murchisonia sp. Denes i PERO w esses wots ens eels es ore sla pslay aetna eee | 
Naticopsis ampliaca (Pinillips)) 2a-..eny<mader eect eerste 
Nuticopsis elliptica (Phillips) Bp ncaa | 
leNaticopsrs planispira (Piiilips) \ceeeeeesstese, saat | 


Naticopsis tabulate (Phillips)) easewees-ce-eeseeeeen eee 
Naticopsis variata PR 
Naticopsis sp.. meee 
| Natiria lirata (Phillips) .. 
(2?) Portlockia emena L. G. de Koninck . 
| Porcellia puzo L’ Kveillé.. sie ai siptrcigdenismae con AOE 
Porcellia woodwardi (Martin) 1 disiacredensiionnacaen Sa 
| Platyschisma glabrata (Phillips) ..........c...-.00000+0s 
Platyschisma helicoides (Sowerby) 
Phymatifer pugilis (2) (Phillips)... 
Straparollus dionysii de Montfort.. 
Straparollus (7?) new; resembles the above, ‘and ‘also 
S. mamula L. G. de Koninck . 
Straparollus sp. ; 
Schizostoma catillus (Martin) — soe eee 
Turbonitella biserialis (Phillips) ............. 
Waagenella ferussaci (A. d@Orbigny) 


Orthoceras cinetum SOWerby <2. s.scos ses ceseee sae csusseens 
Orthoceras gesnert Martin <........... 000 +0000 
Orthoceras spp. 

Poterioceras fusiform me e (Phillips) . canst cespeam SARS 
Celonautilus subsuleatus (Phillips) ............000000 eee 
Discites (Discitoceras) sulcatus (Sowerby) 
Solenocheilus cyclostoma (Phillips) . 
Nautilus edwardsianus L. G. de Koninck 
Nautilus ingens Martin ........ 
Dimorphoceras gilbertsoni (Phillips) 
Gastrioceras sp... 

Glyphioceras ewcavatum (Phillips). 
Glyphioceras crenistria (Phillips).. 
Glyphioceras micronotum (Phillips) — 
Glyphioceras obtusum (Phillips) 
Glyphioceras sphericum (Martin) 
Glyphioceras striatum (Sowerby) v0.0.0... cc0cce cee eee ee 
CHT MMCCE RAS EIN poi pegtocnosden aie athleponee 

Goniatite sp. apie sascarecne pret 
Nomismoceras vittigerum ( Phillips) SE iors 
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Subelymenia evoluta (Phillips) .. 
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than one horizon in the Dibunophyllum Zone; but the species 
quoted in the list were all collected from the white limestone 
forming the surface of the Swinden and Stebden knolls. 1 seems 
difficult, then, to avoid the conclusion that the knoll-reef limestone 
on the High Hills is at the same general horizon as the white 
limestones of the Cracoe knolls; and, if the horizon of the 
latter be accepted as that of the Pendleside Limestone, or even as 
low as Dy, it is obvious that the knoll-reef development on the 
southern flank of the High Hills cannot be of the same age as 
the bedded D, limestone forming its northern slope: it does not, 
therefore, represent a knoll-development in that limestone, or a 
natural passage here from the northern to the southern type.! 


In discussing the question of the passage from the northern to 
the southern type, it is important to bear in mind that the marked 
difference in the character of the beds, on the two sides of the 
Middle Craven Fault, is not confined to the horizon of the knoll-reef 
limestones (although it is this development which is generally cited 
in that connexion) but is found throughout the Lower Carbon- 
iferous succession, so far as the horizons exposed near the fault are 
concerned. As shown in the preceding pages, it seems impossible 
to account for this marked and sudden change throughout the 
succession by assuming that we have here a passage from the 
northern to the southern type in D, times. 

A further aspect of the case may be mentioned here. If, instead 
of comparing the succession from below upwards, we compare it 
from above downwards, we see that the highest limestone found 
in the Northern Succession below the Millstone Grit is the Main 
Limestone of Ingleborough, while the highest limestone south of 
the fault is the knoll-reef limestone. If, then, the knoll-reef 
limestone of Cracoe, Malham, and Stockdale Gorge is of D, age, 
there is nothing to represent the whole of the Yoredale succession 
on the south side of the fault except the Bowland Shale, which on 
Pendle Hill immediately overlies the Pendleside Limestone, and 
this latter should then be also of D, age. 

As is well known, the Millstone Grit facies comes on at 
different horizons in different districts, and there appears to be an 
undoubted overlap of the Millstone Grit over the Yoredale Beds 
west of Pateley Bridge; but we are now dealing with the beds 
below this horizon on opposite sides of the fault, and within a few 
hundred yards of one another. 


Tf the facts set out above have been correctly interpreted, it is 
evident that the knoll-reef limestones on High Hill cannot be in 
place among the D, limestones, and we are forced to consider the 
possible alternatives, namely :—(1) that they are substantially in 


2 The only horizon in the Northern Succession where the fauna shows any 
approach to the knoll-reef type oceurs in the Bryozoa Series, high up in D,, 
as:described on'p. 223, 
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place, and are due to an overlap of Ds, limestone of southern type 
on to D, beds of northern facies; or (2) that they have been 
brought into their present position by subsequent earth-movements. 

So far as the first suggestion is concerned, there is no evidence 
in its favour; on the contrary, the knoll-reef beds forming the 
southern flank of High Hill should, on the field evidence, underlie 
the D, limestone which dip off it northwards. Neither is there any 
evidence of overlap of knoll-reef limestone anywhere in the district 
south of the fault. We think, therefore, that this alternative may 
be rejected. 

Weare left, then, with the only other possibility: namely, that the 
knoll-reef limestone on the High Hiils has been faulted or thrust 
into its present position. The absence of any other occurrence of 
knoll-reef limestone north of the Middle Craven Fault would seem 
to be in favour of this view; but, when we try to locate the 
position of the thrust in the field, we are bound to admit that no 
definite line of movement can be traced on the ground. The nearest 
approach to a line of disturbance between the knoll-reef limestone 
and the bedded D, pseudo-breccias is the presence of a layer of 
dolomitized and silicified limestone, which occurs near the summit 
of the ridge, beside the wall which runs up the southern flank of 
High Hill. This layer can be traced eastwards at intervals, sloping 
down towards the old lmekiln, a short distance north-east of the 
Roman Camp, where it terminates against a north-and-south fault 
(Pl. XIV, fig. 2). This layer of dolomites does not, however, 
appear to be confined to a detinite plane, but is more of the nature 
of a vein altering and impregnating the limestone at slightly dif- 
ferent horizons. Similar impregnations of dolomite and silica occur 
commonly along the southern flank of this range, especially on 
Low High Hill above the old quarry near the chapel, and again at 
the back of Castlebergh. Here the alteration appears to mark the 
position of small faults, and similar mineralization occurs near 
the old trial for copper on the western shoulder of High Hill. 
In many places, this altered limestone contains bipyramidal quartz- 
erystals. It is evident, then, that the High Hill ridge has 
undergone much crushing and faulting, and represents in reality 
a ‘crush-breccia’ on a considerable scale. It is possible that a 
definite line of thrusting could not be expected in so crushed a 
region. At the same time, it might be said that there is nothing 
in the nature of the disturbances actually visible which might not 
be accounted for by proximity to the Middle and the South Craven 
Faults. In this connexion we may return for a moment to the 
Scaleber district, south of the Middle Craven Fault. Here, it will 
be remembered, a large mass of dolomite occurs above Scaleber 
Quarry, which seems to have a horizontal rather than a vertical 
development. If thrusting has taken place in the district, the 
presence of this dolomite would seem to be more consistent with 
such movements than with any disturbance caused by the Middle 
Craven Fault, assuming that fault to be a normal one. 


wie 
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Sugar Loaf Hill. 


The country east of the High Hills is also exceedingly puzzling. 
and is again cut up by faults. The ridge of the High Hills ter- 
minates at its eastern end abruptly, where a depression occurs 
running north-north-west and south-south-east, towards which the 
beds north of the ridge dip at 10° to 40°. This depression appears 
to occupy a fault-line, along the east side of which the beds are 
silicified. About 350 yards farther east the beds terminate 
abruptly against the western margin of the ailuvial flat, which 
apparently represents the site of an old glacial lake. This evi- 
dently marks the line of another north-north-westerly and south- 
south-easterly fault. The strip of ground between these two faults 
is occupied by two conical hills, that on the north being known as 
Sugar Loaf Hill. The depression between them appears also to be 
due to a fault running roughly east and west, as shown by the dips. 
Sugar Loaf Hill is composed of a dark limestone, which dips in a 
general east-north-easterly direction. It is cut off on the north by 
the Attermire Fault. The beds on the north-west side of the hill, 
exposed ina small quarry, contain Rhynchonellids and algal nodules, 
which latter (under the microscope ) show well-developed Girvanella 
tubes. On the north-east the beds which dip steeply to the fault, 
are richly fossiliferous, and contain abundant specimens of Martinia 
glabra and Spirifer bisulcatus. On the southern flank of the hill 
small exposures have yielded numerous specimens of E'ntalis ornata. 
On account of the uncertainty of the position of the beds in this 
isolated exposure, cut off as it is on all sides by faults, this area 
has not been coloured on the maps. We append a list of the 
fossils collected from here. 


Girvanella sp.; form with very fine Brachythyris ovalis (Phillips). 
tubes. Syringothyris sp.; fragments. 

Spongiostroma sp. 

: Aviculopecten interstitialis (Phillips). 

Caninia sp.; fragment. Aviculopecten fimbriatus (Phillips). 

Aviculopecten tabulatus (M‘Coy). 

Athyris globularis (Phillips). Aviculopecten semicostatus (?) ; 

Dielasma hastatum (Phillips). fragment. 

Martinia glabra (Martin); plentiful. Parallelodon cancellatus (2?) (Martin). 

‘ Orthotetes’ sp. “| Pseudamusium ellipticwm (Phillips). 

Productus concinnus Sowerby. 

Productus longispinus group, Entalis ornata L. G. de Koninck. 
Sowerby. 

Productus muricatus (2?) Phillips. Trilobite-fragments, 

Buz«tonia scabricula (Martin). 

Pugnaxe plewrodon (Phillips). Fish-tooth. 


Spirifer bisulcatus Sowerby. 


Several of these species occur in the knoll-reef limestone of 
the High Hills; while Productus concinnus, P. muricatus, and 
Entalis ornata occur at a high horizon in D, elsewhere. This last 
species has not been met with in the North-Western Province. 
Phillips records and figures a specimen from Bowland under the 
name of Orthoceras dentaloideum. M‘Coy considers this to be a 
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Dentalium, and records Dentalium dentaloidewm as occurring 
abundantly in the limestone at Lowick (Northumberland). L. G. 
de Koninck suggests that the Lowick form is identical with his 
species Entalis ornata, and the form recorded in our list appears 
to be most nearly allied to de Koninck’s species. 


The white limestone forming the eminence immediately south 
of Sugar Loaf Hill appears to belong to the knoll-reef type of 
the High Hills. The exposures farther east in Stockdale (at 
Halsteads) include a limestone conglomerate; but they are almost 
devoid of fossils, and yield no information as to their age nor as to 
whether they belong to the succession north or south of the fault. 


(2) The Bordley District. 


In the description of the district between the faults, east of 
Settle, an outlier of Bowland Shale was mentioned as occurring 
between Bordley and the Middle Craven Fault. This outlier 
occupies the surface on both sides of Bordley Beck, immediately 
south of Bordley Hall. The main exposure lies west of the beck, 
and forms a semicircular tract of ground having a length of about 
1+ miles from east to west, where its southern margin abuts against 
the Middle Craven Fault, and a maximum width from north to 
south of about half a mile. Good exposures occur in Moor Close 
Gill and in its eastern tributary; but the country east of Bordley 
Beck is almost entirely obscured by drift. According to the 
Geological Survey map, the Bowland Shale is here brought against 
the ‘ Pendle Grit-with-Sandy Shales’ on the south, by the Middle 
Craven Fault. This fault is, however, dying out here, and there 
is only a slight difference in the horizons on the two sides of the 
fault; while a short distance east of Bordley Beck the fault is 
bordered on both sides by the Millstone Grit. The Bowland Shale 
evidently comprises a fairly thick series of beds, although the base 
is not seen. The shale is for the greater part devoid of fossils ; but 
occasional layers occur, containing abundant though badly-preserved 
specimens of Posidonomya membranacea and P. levis, together 
with traces of crushed goniatites.. The most fossiliferous bed 
crops out a short distance above the waterfall in Moor Close Gill, 
apparently in the lower portion of the series. Farther up stream, 
some of the ‘bullions’ in the shale contain well-preserved specimens 
of P. /evis and a few small goniatites. Mr. Cosmo Johns states 
that he has collected specimens of Glyphioceras diadema and 
G. reticulatum trom the shale in Moor Close Gill (35). 

During the visit of the Yorkshire Geological Society in June 
1922, Mr. W. S. Bisat collected an interesting new species of 
goniatite from this locality —Glyphioceras malhamense Bisat 
(MS.)—and he has also identified the same species in our collection 


from a neighbouring exposure of the Bowland Shales.— February, 
1924.] ' 
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As shown above, in the description of the area between the 
faults, the western and northern portion of the district between 
Gordale and Bordley—that is to say, all the district, except the 
portion which is occupied by the outlier of Bowland Shale under 
description—is composed of rocks belonging to the North-Western 
Province facies, which comprise the beds between the horizons of 
the Cyrtina-septosa Band and the Orionastre@a Band. According 
to the Geological Survey map, the outlier of Bowland Shale 
appears to follow this Northern Succession conformably, and to 
pass up, also conformably, into the overlying ‘Pendle Grit-with- 
Sandy Shales’ a short distance east of Bordley Beck. So far as 
the relation of the Bowland Shales to the overlying grits is con- 
cerned, this is probably correct; but it is by no means the case as 
regards the relation of the Bowland Shales to the underlying 
limestone massif. 

Detailed mapping of definite horizons in the Northern 
Succession brings out the fact that the dip and strike of these 
rocks are entirely discordant with those of the overlying Bowland 
Shales, and that the two series have no direct stratigraphical 
relation one with the other. On the western margin of the Bowland 
Shales, near the head of Moor Close Gill, the upper pseudo-breccias 
of D, above the Cyrtina Band, together with the overlying Lower 
Lonsdalia Beds, are seen trending south-eastwards and terminating 
abruptly at a short distance from the visible margin of the shales. 
Farther north the Bryozoa Series, the compact black limestone 
with Productus latissimus and P. edelburgensis, and even the 
base of the overlying cherty Ovrvonastrea Band, can be seen 
cropping out above the waterfall in Moor Close Gill, within a few 
yards of the margin of the Bowland Shales. East of Moor Close 
Gill a patch of Bowland Shale is seen apparently overlying the 
massive crinoidal beds of the Bryozoa Series. It is evident, then, 
that unless a curved normal fault forms the western and northern 
boundary of the Bowland Shales, of which no trace can be seen 
in the field, that these shales must here rest discordantly upon 
different horizons of the Northern Succession. In the absence of 
any evidence of normal faulting along the margin of the shales, 
only two hypotheses seem possible to explain the relationships of 
the two series: namely (1) an overlap of the Bowland Shales over 
the various members of the Northern Succession; or (2) a thrust- 
junction between the two series. Unfortunately, there is no direct 
evidence as to which of these hypotheses is correct, and either 
explanation is actually possible. 

The presence of Bowland Shales here on the north side of the 
Middle Craven Fault is certainly unexpected, only one other small 
patch: namely, that lying east of Threshfield, being known. On 
the southern side of the fault, at Scaleber and Malham, the 
Bowland Shale appears to succeed the knoll-reef limestone which 
(it will be remembered) was correlated by R. H Tiddeman with 
the Cracoe knolls. It must be admitted, however, that there is 
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no direct evidence of a thrust-plane at the base of this outlier of 
Bowland Shales at Bordley, the nearest approach to evidence of 
thrusting in the district being the crushed character of the shaly 
limestone which is seen at the base of the cliff on the right bank 
of Heber Beck. At their southern margin the beds turn over, and 
dip rather steeply southwards; but this might be accounted for by 
their proximity to the fault. The exposure of the shaly limestone 
in Heber Beck is only a small one, and it is not easy to determime 
the horizon to which it belongs. It may and probably does belong 
to D, of the Northern Succession. The following species have 
been collected from it :— 


Girvanella sp.; in nodules. Spirifer bisuleatus Sowerby. 
Spirifer hwmerosus Phillips. 
Zaphrentis costata M‘Coy. Spirifer triradialis Phillips ; poor. 
Zaphrentis densa Carruthers. Productus sulcatus Sowerby. 
Zaphrentis cf. enniskillent Edwards Productus tissingtonensis Sibly. 
& Haime. Rhipidomella michelini (L’Eveillé). 


The fauna as a whole is fairly characteristic of the Lower 
Lonsdalia Beds ; but the Zaphrentids suggest rather a high horizon 
in D,, and the absence of Productus giganteus and P. latissimus 
is noteworthy. ‘The beds, however, appear to belong distinctly te 
the northern facies, and may be an eastward continuation of the 
D, beds of Cow Gill waterfall. Their relationship to the Bowland 
Shales which crop out in the hill above them cannot be ascertained, 
and it is possible that the crushing that they have undergone is 
due to slips. It is impossible, therefore, to be certain of the 
relationship of the Bowland Shales to the rocks of the Northern 
Succession at Bordley; and, in the absence of evidence for thrust- 
ing, if would appear that the Bowland Shales may be overlapping 
on the northern series. 

Still farther east, and about a mile east of Threshfield, there is 
an outerop of Bowland Shales containing Posidonomya mem- 
branacea and crushed goniatites on the northern bank of the 
Wharfe, opposite St. Michael’s Church, Linton. This exposure 
lies north of the Craven Fault, and about a fifth of a mile below 
the Tin Bridge at Linton Mill, where the outcrop of the Cyrtina- 
septosa Band occurs. As the Cyrtina beds are striking in a direct 
line for the shales, and as both formations crop out on the same 
contour, it is impossible that these shales can represent any horizon 
in the northern Yoredale succession, and they evidently occupy 
their present position as a result either of overlap, or of thrusting 


VI. THe Greennow Hur Disrricr, Anp rrs BEARING 
ON THE ORTGIN oF Knonn-Srrucrure. 


Although the detailed survey of the country undertaken by us 
does not extend beyond the valley of the Upper Wharfe, something 
may be said regarding the eastern extremity of the limestone 
outcrop in the neighbourhood of Greenhow Hill, as the exposures 
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here throw considerable light on the mode of origin of the 
limestone-knolls in the Malham and Cracoe districts. Kast of 
Grassington and north of the Craven Faults, the Carboniferous 
Limestone forms a continuous outerop as far as Keld Houses on 
Greenhow Hill, where the limestone is folded into a dome which 
forms a inarked feature, resembling in outline the typical knolls of 
the Cracoe district. 

East of Greenhow Hill two inliers of limestone are represented 
on the Geological Survey map. Both of these occur as low hills, 
and both show a general quaquaversal dip. We may speak of these 
three domes as Greenhow, Coldstones, and 'l'oft Gate, the 
last being situated about 2 miles west of Pateley Bridge (see tig. 1, 
p- 250). On the Survey map the Coldstones and Toft Gate inliers 
and the eastern margin of Greenhow Hill are represented as 
dipping under shale, “which in turn is succeeded by grits that 
appear to occupy the greater part of the surface between the three 
limestone exposures. Although grit evidently occurs here, the 
shale which appears on the map as dipping off the limestone 
cannot be traced in the field. From the mapping it is evident 
that the surveyor regarded the succession as the same in each of 
the three exposures, the limestone representing the summit of the 
massif; and it is probable that, in his inter pretation of the district. 
he was influenced by his experience in mapping the knolls in the 
Cracoe district farther south-west. A glance at the geological 
map of the district shows that, south- west of Greenhow Hill and 
south of the Craven Fault near Skyreholme, east of Troller’s Gill, 
an exactly similar structure is to be found: namely, a dome-shaped 
mass of limestone dipping under Bowland Shale, which is, in turn, 
surmounted by grits. Judging from the map, it would seem 
natural that the succession on the two sides of the fault was the 
same, and that the outcrops had been shifted by the Craven Fault. 
A careful examination of the beds, however, quickly dispels the 
illusion. The fauna of the Skyreholme knoll and Troller’s Gill is 
a typical knoll-reef fauna belonging to the southern type, and 
includes specimens of Pugnax acuminatus : while the limestone 
forming the domes at Greenhow Hill, Coldstones, and Toft Gate 
shows an equally typical North-Western Province facies. The 
latter, therefore, are not ‘reef-knolls’ in the sense in which the 
term was used by R. H. Tiddeman for the structures south of the 
Craven Faults at Cracoe, yet they show quaquaversal dips and 
weather into knoll-like forms. There can be little doubt that here 
the ‘knolling’ on both sides of the fault is due to the disturbances 
in the neighbourhood of the fault. This conclusion is confirmed 
by a detailed examination of the domes in the Greenhow district. 
Careful fossil-collecting from the three domes at Greenhow Hill, 
Coldstones, and Toft Gate shows that not only do they belong to 
the North- ‘Western Province facies, but that the limestone in “the 
three domes is assignable to three differ ent horizons in the Northern 
Succession. 

Thus, the limestone of Greenhow Hill is composed of beds 
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belonging to the Lower Dibunophyllum Sub-zone; the middle 
dome (known as Coldstones) is formed of typical D, beds with 
Lonsdalia floriformis; while the easternmost dome at Toft Gate 
represents a still higher horizon, at or above the level of the 
Hardraw Sear Limestone, and contains Orionastrea phillips. 
Greenhow Hill is composed of pale-grey limestone characteristic 
ot the Lower Dibunophyllum Sub-zone, and the horizon can be 
exactly determined, as the beds include a typical development of 
the Cyr tina-septosa Band with its characteristic fauna. This 
band is well exposed in a trench on the southern slope of the hill, 
behind Duck Street Farm, and good specimens may be obtained 
from the trench and from the wall close by. The beds exposed in 
the new quarry above dip under this Oyrtina Band, so that the 
main mass of limestone forming the hill must be well down in Dj. 

The limestone of the Coldstones dome is entirely different, and 
consists of dark earthy and somewhat bituminous limestone with 
shaly partings, typical of the D, beds of the North-Western 
Province. The lmestone has been extensively quarried, and 
affords excellent exposures of the Lower Lonsdalia horizon with 
its characteristic fauna. The corals, including both single and 
compound forms, are exceptionally prolific, especially the reef-like 
masses of Cyathophyllum regium. Among the brachiopods the 
most noticeable feature is the abundance of rolled specimens of 
Schizophoria resupinata, which are occasionally coated with 
Girvanella, as also Histulipora and other bryozoa. Nodules 
occur, too, in the shaly layers which are frequently formed round 
specimens of Zaphrentis densa, similar to those that are fonnd 
at this horizon on Ingleborough. 

The following is a list of the fossils collected from the Cold- 
stones quarries :— 


Girvanella sp. | Fistulipora sp. 
_ Encrusting bryozoans, much 

Aulophyllum fungites Hdwards & | weathered. 

Haime. | 
Aulophyllum fungites (‘tortuous Athyris roysit (?) L’Eveillé. 

type’ of Dr. Stanley Smith). | Athyris obtusa M‘Coy. 
Caninia cylindrica (Scouler). | Chonetes sp. 
Caninia sp. _ Productus, latissimoid form (probably 
Clisiophyllum sp. | new, according to Miss Muir- 
Cyathophyllum regium Phillips; | | Wood). 

abundant. Productus ef. margaritaceus Phillips. 


| 
Dibunophyllum turbinatum (M‘Coy). | Productus setosus Phillips. 
Dibunophyllum rugosum (M‘Coy). _ Productus sulcatus Phillips. 
Dibunophyllum spp. | Productus tissingtonensis Sibly. 
Diphyphyllum lateseptatum M‘Coy. | Productws spp. 
Lithostrotion juncewm Fleming. | Rhipidomella michelint (L’Eveillé). 
Tithostrotion maccoyanum Edwards | Schizophoria reswpinata (Martin). 


& Haime. Schuchertella radialis (Phillips). 
Lonsdalia floriformis (Fleming). Seminula ambigua (Sowerby). 
Zaphrentis densa Carruthers. Spirifer bisulcatus Sowerby. ; 
Zaphrentis sp.; small forms, cf. Spirifer crassus L. G. de Koninck. 

‘bean ’-nodules. | Spirifer dwplicicostus Phillips. 


The bulk of this fauna is esti with that of the Lower 
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Lonsdalia Beds of the North-Western Province, and the majority 
of the species occur in the beds of this horizon north of the Craven 
Faults. 

The easternmost exposure, the Toft Gate dome, hes about 2 miles 
west of Pateley Bridge. he limestone here has been quarried on 
both sides of the road. The lowest beds consist of massive dark- 
grey crinoidal limestone, weathering white. ‘The upper layers are 
less massive and more reef-like; they contain a few chert-nodules 
and good specimens of Orionastre@a phillipsi. Specimens of 
Aulina rotiformis and two very beautiful specimens of Histwli- 
pora have been collected from the northern exposure, also a few 
Spirifers. The limestone inlier of Toft Gate, therefore, represents 
a high horizon in the Yoredale Series (D,—D,) definitely above the 
horizon of the Lower Lonsdalia Beds of Coldstones. 


It is manifest, then, that the three inliers of limestone at 
Greenhow Hill, Coldstones, and Toft Gate represent three quite 
different horizons of the Dibunophyllum Zone of the northern 
succession. It is also clear that, in the area between Thorpe and 
Pateley Bridge, two sets of limestone domes have been developed, 
aligned in a general east-and-west direction parallel one to the 
other on each side of the Craven Fault. Those on the south side 
belong to Tiddeman’s ‘ knoll-reef’ type, and contain the southern 
fauna; while those on the north side belong to the North-Western 
Province facies, and are composed of rocks belonging to the 
Dibunophyllum Zone. 

Although the domes in the Greenhow district are the most strik- 
ing examples that we have met with, other, but smaller, instances 
of ‘knolling’ in the rocks of the northern facies occur. Thus the 
beds of the Michelinia Zone at Newby Cote are folded into a 
dome close to the South Craven Fault, and again at Stainforth 
Bridge against the North Craven Fault. Prof. J. E. Marr’s con- 
tention, therefore, that limestones can be folded into ‘knoll ’-like 
domes independently of their original structure or geological 
horizon, is fully substantiated. At the same time, it seems pro- 
bable that the highly specialized examples in the Cracoe district 
do partly owe their characteristic structure to their original mode 
of deposition, consisting of an exceptionally rich accumulation of 
organic remains, notably brachiopod and lamellibranch shells, 
associated with goniatites and crinoidal débris. This type of 
accumulation may be paralleled by the accumulation of Lucina 
shells in the Cretaceous beds of Colorado, which gave rise to the 
structures known to American geologists as Tepee Buttes. In 
places, where the beds containing these accumulations have been 
subject to earth-movements, and especially where the limestone 
has a covering of shale, the original knoll-like structure may well 
have been emphasized. In this connexion the linear arrangement 
of the knolls, as also their relation to anticlinal structures pointed 
out by Prof. Marr (39), appears to be an important feature in 
the problem that should not be overlooked. 
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An interesting point regarding the three domes in the Greenhow 
Hill district is brought out by a study of the Geological Survey 
map, where the intervals between the three domes are shown as 
occupied by Millstone Grit, and grits certainly do appear at the 
surface between Greenhow and Coldstones. This seems to point 
to an overlap of the grit over the limestone domes; for, as shown 
above, the three domes represent three different horizons in the 
Northern Succession. This is confirmed by the mapping of the 
grit north of the limestone outcrop, where it is represented as 
resting on successively higher horizons in the Yoredale Series as 
it is traced from east to west. 


VII. Summary and ConcLustons. 


The detailed examination of the Lower Carboniferous rocks of 
the Settle area as described in the foregoing pages has led to the 
following conclusions :—namely, that the whole of the succession 
as developed north of the North Craven Fault belongs to the 
North-Western Province facies, and exhibits the same general 
faunal succession as that already determined for the rocks of the 
same age in Westmorland; and that the strip of country lying 
between the Craven Faults is also (for the greater part) characterized 
by the same type of development, so that the Middle Craven Fault 
may be taken in general as the southern limit of the North-Western 
Province facies. At the same time, certain special features are 
noticeable when we make a detailed comparison of the succession 
in West Yorkshire with that of Westmorland, namely :— 


(1) A more calcareous development in the upper beds of the Dibunophyllum 
Zone in the southern and eastern portions of the area, the intercalated 
shales and sandstones characteristic of the Yoredale succession in 
Wensleydale being represented by crinoidal limestone. 

(2) The incoming of fragmental shelly deposits in the Upper Yoredale beds, 
which contain a few species possessing affinities with the knoll-fauna 
south of the faults. This is especially noticeable in the Bryozoa . 
Series near the summit of D, between Stockdale and Bordley. 

(3) The occurrence of beds rich in specimens of Productus pugilis, overlain 
by shaly limestone containing P. latissimus and P, edelburgensis in 
the upper portion of D,. 

(4) The development of a band characterized by Orionastrea phillipsi at 
the horizon, apparently, of the Simonstone Limestone, which in 
Wharfedale extends up into the base of the overlying Middle Lime- 
stone. This band can be traced as far east as Toft Gate, near 
Pateley Bridge. : 

(5) The occurrence, east of Settle in the strip lying between the faults, of 
patches of rock consisting of knoll-reef limestone and Bowland Shales, 
which belong essentially to the southern type of development; also 

the occurrence of a patch of Bowland Shale at Linton, north of the 
North Craven Fault. 

(6) South of the Middle Craven Fault the beds in general show an abrupt 
change to the southern type of development. In two places, however, 
in Black Gill Beck near Scaleber Force, and on Low South Bank 
opposite Stockdale Farm, outcrops of limestone occur containing 
faunas characteristic of the Yoredale facies north of the fault. 
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It will be seen, therefore, that the problem of the change from 
the northern to the southern type of development is a complex one, 
and that although there is occasionally a slight tendency towards 
knoll-reef conditions in the higher Yoredale Beds in the district 
between the faults, there is no place where a gradual lateral change 
from the northern to the southern type can be traced. The 
change occurs generally in an abrupt manner along the line of 
the Middle Craven Fault; but the presence north of this fault 
of outlying patches of rock belonging to the southern type, and of 
inliers of Yoredale rocks south of the fault, adds considerably to 
the difticulty of the problem. In all attempts at a solution it 
must be borne in mind that the difference in character of the beds 
belonging to the southern type, from those of the Northern Suc- 
cession, is both a lithological and a paleontological one, and that 
the difference is not confined to the horizon of the knoll-reets, but 
can be traced throughout the southern series, so far as 
this is exposed immediately south of the faults. R. H. Tidde- 
man (66), and more recently A. Vaughan (74), attributed this 
sudden change of facies to the influence of faulting, which they 
regarded as having been in operation during the deposition of the 
beds in Lower Carboniferous times. If this were the case, there 
must obviously have been a repetition of this movement in post- 
Permian times, as the Coal Measures and the Brockram Series are 
brought on a level with beds of Lower Viséan age near Ingleton. 

Tiddeman’s theory of the origin of knolls requires shallow water 
for their formation, as he considers that they were accumulated on 
a shoal of fragments broken up by the waves. As they were 
formed on the downthrow side of the fault, we cannot well attri- 
bute the difference in the character of the fauna to any marked 
difference in depth on the two sides of the fault. Indeed, from 
whatever point of view we regard this explanation, it appears 
impossible to accept it, especially as it does not account for the 
presence of knoll limestone on the High Hills, nor of Bowland 
Shales at Bordley, both north of the fault. Prof. J. E. Marr (39), . 
who first pointed out the occurrence of this knoll limestone between 
Attermire Sear and the Middle Craven Fault in Stockdale, sug- 
gested that the Attermire Scar Fault is, in reality, the eastward 
continuation of the South Craven Fault which runs from Ingleton 
to Settle, and that the knoll limestones of the High Hills therefore 
lie south of the Craven Faults; and Mr. Cosmo Johns (33) has 
supported this view. When mapping this district we had this 
interpretation constantly in mind as the easiest solution of the 
problem ; but, as shown above, the field evidence does not bear out 
the suggestion. In the first place, the Attermire Fault cannot be 
traced west of Banks Nursery, but is blocked by the Nemato- 
phyllum-minus Beds, which there crop out uninterruptedly across 
its supposed trend (Pl. X); and secondly, there is a considerable 
tract of D, limestone, south of the Attermire Fault and north of 
the High Hills, which differs, in no respect that we can ascertain, 
from the D, limestone occurring on Beacon Sear north of the fault. 
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Indeed, the wedge-shaped strip between the Attermire Fault and 
the Middle Craven Fault of the Geological Survey Map is the most 
puzzling tract of country in the whole district, and appears to be 
largely in the nature of a fault-breccia containing blocks that 
belong to the rocks of both the northern and the southern facies. 

The knoll-reef limestone on the High Hills, as shown by its 
fauna, is undoubtedly the equivalent of the Cracoe and Malham 
Knolls, and we have given reasons for concluding that these knolls 
are of Upper Yoredale age and at least as high in the Carboni- 
ferous System as the Orionastrea Band of the Northern Succession, 
which we have tentatively referred to the base of D, of Derbyshire. 

The knoll-reef limestone on the southern flanks of the High Hills, 
being of Ds age, cannot pass laterally into the D, limestone lying 
north of it, and the field relation of these two formations precludes 
the possibility of a simple everlap. There appears to be no alter- 
native explanation, other than that the beds have been brought 
together by thrusting, though admittedly there is no definite line 
of thrust that can be satisfactorily traced or mapped in the field. 
The patches of Bowland Shale belonging to the southern type of 
development, which lie north of the fault at Bordley and Linton, 
also present a difficult problem. They are certainly discordant to 
the beds of the Northern Succession against which they abut; again, 
however, there is no definite line of thrusting that can be traced, 
and their relation to the beds of the Northern Succession does not 
preclude the possibility of a true overlap. Such an hypothesis is 
not inconsistent with the relation of the Bowland Shales to the 
underlying beds south of the faults, where the thickness of the 
shales between the knoll-limestone below and the Millstone Grit 
Series appears to be a very variable one. That overlap does take 
place in the upper members of the series is shown by the relation 
of the Millstone Grit Series to the Yoredale succession west of 
Pateley Bridge, where it appears to overlap on to the different 
horizons of the northern series between Greenhow and Kettlewell. 
The hypothesis that thrusting has taken place along the line of the 
Middle Craven Fault is not new. Prof. J. E. Marr (39) suggested 
that the Craven Faults were thrust-faults, and considered that 
movement had taken place from the north. If we are driven to 
invoke thrusting to account for the sudden change from the 
northern to the southern type, and to explain the occurrence of the 
knoll-limestone at the High Hills, the facts would seem to us to 
be more easily accounted for by invoking a movement from the 
south. The change in the character of the deposits, if we exclude 
Tiddeman’s theory of contemporaneous faulting, must have been 
gradual, and, but for the complications introduced by thrusting, 
should be traceable somewhere. In this connexion the presence 
of inliers of Yoredale rocks in the Bowland Shales at Black Guill 
Beck and Low South Bank is important, suggesting, as they do, 
an extension of the northern type of development on the south side 
of the Middle Craven Fault. 

The actual extent of the movement need not have been very 
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great. The introduction of detrital material by rivers, south 
of an area of clear water, would account for a rapid change 
in conditions, and would produce a marked change in the character 
of the fauna. Such a change is postulated by Wheelton Hind & 
J. A. Howe (28) in their explanation of the origin of the deposits 
of the Pendleside Series, although they attribute it to a later period, 

The evidence derived from the general faulting and folding in 
the district is also important in this connexion. A study of the 


Fig. 2.—Sketch-map illustrating the general character of the 
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movements in the neighbourhood of the Craven Faults. 
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minor faults in the district appears, so far as it goes, to bear out 
the view of a general pressure coming from the south or south- 
east. As is well known, there is a marked difference between the 
tectonic structure of the country lying north of the North Craven 
Fault, and that lying south of it. The northern district, com- 
prising Ingleborough and the Craven Highlands, forms a rigid 
block singularly free from folding and faulting, where the beds 
lie almost horizontal and undisturbed (Marr, 40). The district 
between the faults, as shown on the accompanying maps, is traversed 
by numerous subsidiary faults having a general north-north- 
westerly and south-south-easterly trend. Those in the east of 
the district have a nearlv north to south direction, while the 
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rest trend increasingly north-westwards, as we approach the 
western border of the rigid block. These minor faults terminate 
abruptly against the North Craven Fault, and are either older 
than the Middle and South Craven Faults, or contemporaneous 
with them. 

Beyond the Craven Faults, in the Millstone Grit district, on the 
south and west, a similar series of north-north-west and south- 
south-east faults exist, extending southwards to the Clitheroe 
Fault and to the north-north-westerly faults bordering the eastern 
margin of the Burnley Coalfield round Colne. South of the 
Craven Faults occurs a system of folds the axes of which strike 
generally in a north-easterly and south-westerly direction, or at 
right angles to these subsidiary faults. Such a system might be 
expected, on the supposition of movement from the south and 
south-east against the rigid block, and may well be due to the 
same set of movements as that which produced the systems of 
north-west to south-east faults (see fig. 2, p. 256). 

West of the rigid block the country could yield more readily to 
pressure from the south, and tend to move northwards along the 
margin of the block: that is, along the South Craven Fault, 
north of Settle, which would, therefore, be partly, at all events, in 
the nature of a ‘tear’-fault. That such a movement did actually 
take place is suggested by the presence of the two inliers of 
brecciated knoll-reef limestone, containing a characteristic knoll 
fauna, incorporated in the Millstone Grit near Carnforth previously 
described by one of us(19). This limestone differs entirely from 
any known horizon in the Northern Succession in the neigh- 
bourhood, but resembles the knoll development in the Clitheroe 
district farther south. Again, the curved northward continuation 
of the South Craven Fault between Ingleton and Sedbergh, and 
the wedge of Polygenetic Conglomerate and Lower Carboniferous 
rocks which border it, taken in conjunction with the sudden 
change in the character of the Yoredale Beds on each side of it, 
is much more suggestive of lateral movement than of normal 
faulting. 

The character of the higher beds west of the fault is markedly 
different from that of the normal Yoredale Beds east of it, less 
than a mile away. ‘The fauna at Sellet Mill, with its large 
form of Schizophoria resupinata, is strongly reminiscent of the 
‘southern type of development near Scaleber; while the whole of 
the Upper Yoredale limestones are represented by a single band 
of crinoidal limestone. 

In considering the evidence bearing on the hypothesis of hori- 
zontal displacement, we may once more refer to the masses of 
dolomite near Scaleber, to the large spread of altered and silicified 
rock with kernels of crystalline limestone on High South Bank, 
and to the patches of dolomitized and silicified rock at the High 
Hills. These extensive developments of metamorphosed limestone 


all belong to the Southern Succession, and suggest alteration as the 
$2 
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result of horizontal movement; this cannot be explained as the 
result simply of changes produced by the Middle Craven Fault, 
if this fault be considered a normal one. 

On the whole, then, taking the general evidence of movement 
in the district, and having regard especially to the knoll develop- 
ment at the High Hills, to the patches of Yoredale rocks south of 
the Middle Craven Fault, to the presence of inliers of knoll-limestone 
near Carnforth, and to the absence of any unfaulted locality where- 
a gradual passage from the northern to the southern type of 
development can be found, we may consider the problems, as 
described in the foregoing pages, to be most readily explained by 
postulating a general movement from the south or south-east 
against the northern rigid block, the actual lateral displacement 
being greatest along the margin of the South Craven Fault. The 
North Craven Fault and the Middle Craven Fault appear to be 
chiefly in the nature of normal faults, although some lateral 
displacement may have occurred along the latter. 


With regard to the origin of the knoll-reef structure, the evi- 
dence obtained in the district specially studied shows that knoll- 
like masses having a general quaquaversal dip may originate simply 
as the result of pressure, especially so in the Greenhow district in 
the neighbourhood of the Craven Fault, where the structures occur: 
in the northern Yoredale succession, affecting different horizons and 
including considerable masses of well-bedded and poorly fossiliferous. 
rock. At the same time, the typical knoll-reefs which occur in the 
Southern Succession appear to owe their form, in part at all events, 
to their original mode of accumulation, as suggested by Tiddeman; 
but the quaquaversal structure may well have been accentuated by 
subsequent movements, as shown by the inclusion of tracts of 
unfossiliferous limestone which cannot be attributed to shelly 
accumulations. ; 


In putting forward these theoretical considerations, we are fully 
aware that the hypothesis leaves certain difficulties still unex- 
plained, notably the absence of definite lines of thrust which ean 
be mapped in the field, and we are convinced that no final solution 
of the problem can be arrived at until the country south of the 
faults, including the Cracoe area, has been mapped in detail, and 
the faunal sequence established on a firm basis. 'T'o have attempted 
to supply this deficiency would have unduly delayed the presenta- 
tion of the main result which we set out to obtain : namely, the- 
southern limit of the North-Western Province facies. We hope, 
nevertheless, that the results so far achieved may be of value im 
the final solution of the problems still outstanding. 


_—" 


———— 


_— 
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VIL. Patmonronoetcan anp Perronoarcan Noves. 


(1) Paleontological Notes. 


AULOPHYLLUM CONCENTRICUM sp. nov. (PI. XVI, figs. la, 10, 
& 2.) 

It is possible that, after more material has been examined, it will 
be found necessary to transfer to a new genus the form here 
referred to Aulophyllum, as interpreted by Dr. Stanley Smith (58). 
Only two specimens of this coral have yet been found—one, a small 
fragment, and the other—the type—an almost complete corallum, 
which must have been rolled and subsequently coated with cal- 
careous mud before it was finally buried. The muddy incrustation 
considerably obscures the calice and central boss. The corallum is 
cornute, tending to a cylindrical shape: its length is 10 em., and 
its width at the calice 4em. At a diameter of 3 cm. there are 
seventy-five major septa. In longitudinal section the tabelle are 
seen to be slightly arched, to be closely packed, and sometimes to 
extend entirely across the central column (fig. 1). In transverse 
section they appear as concentric rings, eleven of which are present 
in the figured section (fig. 1@), which has a central column 1:1 em. 
in diameter. The characters of the tabelle are diagnostic of this 
form. The septal lamellz are numerous, curved, somewhat spirally 
arranged, and fewer than the major septa. The wall of the central 
column is not very strongly developed. 

Horizon.—D,. Nodular Bed. In association with typical 
specimens of Aulophyllum fungites (Fleming). 

Locality.—Meal Bank Quarry, Ingleton. 


DIBUNOPHYLLUM VAUGHANI nom. nov. (=‘D.@’ Vaughan). 
(PL. XVI, figs. 5a & 50.) 

DitBUNOPHYLLUM BRISTOLENSE nom. nov. (=‘D.p’ Vaughan, 
early form). (Pl. XVI, figs. Ga & 60.) 

It is clear that it would be convenient for paleontologists and 
others who may wish to refer to these two species, if Vaughan’s 
symbols were replaced by specific names. We would, therefore, 
propose Dibunophyllum vaughani for Dibunophyllum 0 Vaughan 
(71, p. 283, & pl. xxiv, fig. 1), horizon D,; Flax Bourton, 
south-west of Bristol; type-specimen, Brit. Mus. (Nat. Hist.) 
No. R 15279. Further, we propose Dibunophyllum bristolense for 
Dibunophyllum Y Vaughan (71, p. 284, & pl. xxiv, figs. 2-2), 
horizon D,; Rownham Hill, Leigh Woods, north-west of Bristol ; 
type-specimen, Brit. Mus. (Nat Hist.) No. R 15294. 

Vaughan gave figures of transverse sections of Dibunophyllum 6 
and of D. in the paper quoted above (71), and later Dixon & 
Vaughan (14) figured a transverse section of an early form of 
Dibunophyllum y from D,. The differences between the early and 
late forms of D. Ww Vaughan considers to be of degree only: 
(1) the early form is cylindrical, the late form is conical; (2) the 
sharp cuspidate boundary of the central area and the Aspidio- 
phylloid characters are more marked in the late form. 
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Both longitudinal and transverse sections are here given of the 
two forms of Dibunophyllium designated above, which occur to- 
gether in beds of D, age in the Settle district. The transverse 
sections agree with the descriptions and figures given by Dixon & 
Vaughan (14); but figures of the longitudinal sections have not. 
hitherto been published. Those here given show the following 
important differences between the two forms :—In Dibunophylliim 
bristolense the diameter of the central area is greater, the tabular 
vesicles are more numerous and smaller, and the tabellee are flatter 
than is the case with the corresponding structures in Dzbuio- 
phyllum vaughani. 

Horizon.—D,. Nodular Bed. 

Locality.—Meal Bank Quarry, Ingleton. 


DIBUNOPHYLLUM ASPIDIOPHYLLOIDES sp. nov. (Pl. XVI, figs. 
Ba & 3b.) 


The type-specimen has been much weathered, and the full width 
of the dissepimental zone is shown only at one point in fig. 8a. 
Both major and iminor septa are present, and the distal halves of 
the former are considerably thickened. Seen in longitudinal section, 
the tabule are widely spaced, their convex surfaces are directed 
upwards, and they are so large that usually two are sufficient to 
bridge the tabular area. The central column is nearly half as wide 
as the corallite—a character diagnostic of the species. The tabelle 
are closely packed, arched, and in longitudinal section do not appear 
cusped in the mid-line, as they do in other species of Dibuno- 
phyllum. The central plate is very thin. 

Horizon.—D,. Nodular Bed. 

Locality.—Meal Bank Quarry, Ingleton. 


Dipunopnyiivm sp., cf. HisttopHyttum picKt Thomson. (PI. 
XVI, figs. 4a & 45.) 


The transverse section of the type-specimen (fig. 4a) differs 
from 'Thomson’s figure of Histiophyllum dicki (58 a) in having 
less clearly defined septal lamellae. Thomson does not figure a 
longitudinal section; but fig. 44 shows that the dissepiments are 
large, the tabulz widely spaced, and the central column, the limits. 
of which are ill defined, composed of very irregular tissue. 

Horizon.—D,. Nodular Bed. 

Locality.—Meal Bank Quarry, Ingleton. 


Dizunopuyiium sp., aff. D. Marnockense Sibly. (Pl. XVII, 
figs. la & 18.) 


The specimen described agrees in its transverse section with 
Dr. Sibly’s species Dibunophyllum matlockense (51), having 
minor septa which extend right across, but not beyond, the dis- 
sepimental zone. Sibly does not figure a longitudinal section of 
his species; but fig. 14 shows that in longitudinal section the 
dissepiments, tabulee, and tabellee are very closely packed, and that 
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each tabella resembles a brace bracket (~—-\) with sharply curved 
ends. 1 
Horizon.—D,,. 
Localities—Above Hunt Pot, Penyghent; Black Rigg 
Quarry, Feizor, near Settle. 


DIBUNOPHYLLUM RHODOPHYLLOIDES sp.nov. (Pl. XVIL, figs. 2a 
& 2b.) 


Corallum cornute, with a thin, but well-defined, epitheca. The 
type-specimen, where cut just below the calice, has a diameter of 
4:5 to 5 em. (fig. 2a). There are about forty-two major, and as 
many minor septa, widely spaced, and distally thickened. 'The 
cardinal fossula is well developed, and there are traces of alar 
fossule. The dissepiments, as seen in longitudinal section, are 
almost vertically disposed. The tabule are widely spaced, their 
convex surfaces are usually directed upwards, and are so large that 
sometimes only one and seldom more than two are sufficient to 
bridge the tabular area. ‘The diameter of the central column is 
nearly half of that of the corallum. The septal lamelle are 
numerous, but very thin, and sometimes only indicated by the 
cusp-like intersections of the tabelle. The tabelle are closely 
packed, and each in longitudinal section is seen to form a cusp at 
the median plate. ‘The median plate is only about 6 mm. long. 

This species is assigned to the genus Dibunophyllum, because it 
has a median plate; but in general structure, especially as seen in 
longitudinal section, it closely resembles Rhodophyllum. 

Horizon.—D,. 

Locality.—Old Ing, under Penygheut. 


RHODOPHYLLUM DIsTANs sp. nov. (Pl. XVII, figs. 4a, 46 [type 
specimen | and Pl. XVIII, fig. 3.) 


Thomson figured six species of Rhodophyllum, among them an 
incomplete figure of Rh. simplex, to which species the form here 
described as Rh. distans approximates (58, p. 556 & pl. xx, fig. 3 @). 
Rh. distans, however, has fewer septa than Rh. simplex (the pro- 
portions being 7:10) and the ‘sub-convolute’ septal lamelle are 
not so regular as those of Rh. simplex. The corallum of Zh. 
distans has an epitheea with fine concentric growth-lines, not, 
however, well shown in the figure (Pl. XVIII, fig. 3). On the 
convex side is a well-developed cardinal fossula, and there are 
indications of alar fossule. The counter-septum and the cardinal 
septum are shorter than the other major septa. The minor septa 
first appear when the corallum reaches a diameter of about 2 cm., 
and in these earlier stages both major and minor septa are very 
thick. Ina section, cut just beneath the calice, with a diameter 
of 4.cm., the minor septa are not more than 5 mm. long. : Tn later 
stages the minor septa and the proximal halves of the major septa 
(those parts, that is, within the dissepimental zone) become thin 
and slightly flexuous. The dissepiments are large and very sparse, 
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forming a series of almost vertically-disposed plates, shown only on 
one side of the figured section (fig. 44), which, unfortunately, for 
the greater part lies in the plane of two opposite septa. 
Horizon.—D,. 
Locality.—Above Hunt Pot, and Old Ing, Penyghent. 


Lopuopnyiitum [KontnckopHyittumM] MaAGNiricum (Thomson 
& Nicholson). (Pl. XVII, figs. 8a, 3b, & 3c.) 


Under the two names Koninckophyllum magnificum and bk. reti- 
forme Thomson ! describes and figures two corals, the former having 
a series of irregularly-disposed dissepiments, as seen in transverse 
section, and the other a much more regular tissue, described as a 
‘rectangular series of plates’. A section (fig. 8a), cut from the 
mature portion of the specimen figured, resembles Thomson’s 
figure of A. magnificum; while the section (fig. 36) cut from the 
proximal portion of the same specimen at the distance of an inch 
from the first-mentioned section resembles Thomson’s figure of 
K. retiforme, with ‘rectangular’ dissepiments. In our opinion 
the two forms should be included in one species, which we would 
name Lophophyllum magniticum (Thomson & Nicholson). 

Horizon.—Dg. 

Locality.—Above Hunt Pot, Penyghent. 


LITHOSTROTION ARACHNOIDEUM (M‘Coy). (Pl. XVIII, figs. 4a 
& 46.) 


The shape of the tabule of the specimen figured by us is 
diagnostic of Lithostrotion arachnoideum (M‘Coy). The tabule 
are slightly arched peripherally, but nearly flat, or even somewhat 
depressed when they come into contact with the columella. 

Horizon.—Limestone-with-Chert. 

Locality.—Scaleber Quarry, Settle, south of the Middle Craven 
Fault. 


ZAPHRENTIS sp., aff. Z. nodosa (L. B. Smyth). (Pl. XVIII, 


fig. 5.) 


The figured specimen, with its major septa characteristically 
thickened, and its short, blunt, minor septa, closely resembles 
L. B. Smyth’s figure of his Densiphyllum nodosum (57) from 
the Rush Slates and Rush Conglomerate (Z,-Si). It occurs, how- 
ever, at a considerably higher horizon than Smyth’s species. 

Horizon.—Knoll- Reef Limestone, Goniatite-Bed. 

Locality.—Stockdale Gorge, near Settle. 


ZAPHRENTIS spp. (Pl. XVIII, figs. 6a, 6b, 7 & 8.) 


In PL XVIIT, figs. 6a & 64 represent one of the forms (referre 
to in the fossil lists, p. 202, as Z. sp. nov. 1), characterized by its 
small size and conspicuously long minor septa, and which frequently 


1 58, p. 124 & pl. xi, figs. 1-2. 
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forms the nucleus of the nodules enclosing the ‘bean-shaped 
organism’ (see p. 203). It is associated with Z. costata, Z. oma- 
liusi, and a new small species of Amplexus. My. R. G. Carruthers 
has identified it with a form said to be common in the shales 
above the Derbyshire massif. 

Pl. XVIII, fig. 7, illustrates a form (referred to on p. 202 as 
Z. sp. nov. 2), apparently related to Z. densa, but with well- 
developed minor septa. It occurs at a somewhat higher horizon 
than the last, in the Bryozoa Series of Moor Close Gil, Bordley ; 
also in the Lower Lonsdalia Beds at Gauber High Pasture. 

Pl. XVIII, fig. 8, illustrates a third form (referred to on p. 202 
as Z. sp. nov. 3), in which the septa are radially arranged, and the 
minor septa are long (as in the last) and tend to be unattached. 

All these forms occur in some abundance in the lower portion 
of Dj. They are characteristic of the Lower Lonsdalia Bed at 
Keld Sike and Gauber High Pasture under Ingleborough, and Cow 
Gill waterfall in the Bordley district. 


All the specimens figured and described in this paper are con- 
tained in Prof. E. J. Garwood’s collection, deposited in the 
Geological Museum at University College, Gower Street, London, 


We. Coal: 
Petrological Notes. 


The Viséan rocks of the Settle district, like those of Westmor- 
Jand, were deposited during a period of submergence succeeded 
by a period of emergence, which suggests a rhythmic depression 
and elevation of base- level, as postulated by Joseph Barrell. The 
beds also exhibit minor subsidiary rhythms or ‘diastems’, possibly 
accompanied by short periods of local erosion. 

The beds laid down during the period of submergence are largely 
-caleareous in character, and this is especially marked in the case of 
the rocks of the Vematophylium-minus and Lower Dibunophyllum 
Sub-zones which have been extensively quarried for lime near 
Settle and Horton. No sandstones are met with in this portion 
of the succession. True shales are also absent, though layers of 
bituminous limestone and calcareous shale oceur in the Achelinia 
Zone. Thin layers of ferruginous mudstone are found in D,, 
notably near Ribblehead Station and in Meal Bank Quarry, 
Ingleton, which appear to mark periods of elevation. This mud- 
stone resembles much more closely shales and underclays of the 
Coal Measures than normal Lower Carboniferous shale; and, if we 
accept the coal in Meal Bank Quarry as a contemporaneous deposit, 
the emergence at this period must have given rise to lagoon 
conditions, unless this coal and mudstone drifted into their present 
position. 

The submergence at the beginning of Viséan times in West 
Yorkshire appears to have been too rapid for the growth of calcareous 


1 Bull. Geol. Soc. America, vol. xxviii (1917) pp. 776-809. 
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algw, as the sea spread over the whole area in Nematophyllum- 
menus times. In one place, however, near Great Stainforth, we 
find small fossils encrusted with a deposit resembling Spongio- 
stroma and badly-preserved remains of J/¢tcheldeania. Oolitic 
limestone is rare in these beds, but occurs in the Alichelinia Beds 
below Thornton Foree and at Nappa Scar, where the structure 
resembles very closely the development at this horizon in Docker 
Beck in the Shap district. The whole of the succession up to the 
base of the Yoredale Series is rich in foraminiferal remains. 

Fine-grained porcellanous limestone (calcite-mudstone of 
K. E. L. Dixon) is limited to a definite horizon, namely the base- 
ment-bed of D,, at which level it is usually well developed in the 
district north of the faults. This porcellanous band is on the same 
horizon as that of a similar bed already described in the Shap: 
district. It is characterized, as usual, by the abundance of Ca/ct- 
sphere and the presence of small gastropods. 

The Yoredale succession, north of the faults, consists of alter- 
nations of limestone, shales, and sandstones. As a rule, the 
limestones rest upon sandstones, and are overlain by shale. The 
sandstone below the limestone may, however, be shaly at the top,,. 
and, in the case of the Middle Limestone, there is often (as in 
Wensleydale and Wharfedale) coal at the base which has been 
worked at several places. Locally, coal is also met with at the 
base of the Main Limestone: as on Cam Fell, Widdale Fell, and 
Whernside. 

In the district between the faults east of Settle the sandstone 
and shale have practically disappeared, and we find an almost 
unbroken succession of crinoidal limestone up to the Orionastrea 
Band; while in the Bordley district there is a further 50 feet of 
limestone above this Band. 

Chert occurs typically in the Orionastrea Band, but is also. 
characteristic of the upper portion of the Bryozoa Series in the 
district between the faults. 

Algal limestones occur at several horizons in the Yoredale 
rocks, the most notable being at the base of D,, where the: 
Girvanella nodular bed is admirably developed throughout the 
district. Girvanella tubes are also conspicuous in the nodules in 
the overlying Lower Lonsdalia Beds, where they are associated 
with the ‘bean’-lke organisms and Aphralysia. At a still 
higher horizon, at the base of the Orionastrea Band, Girvanella 
tubes are again occasionally met with, associated with ‘ Spongio- 
stroma’ structure. The best examples occur in Cow Gill section, 
near Bordley, where the tubes are found encrusting rock-fragments,, 
and are associated with oolitic grains. 

Dolomite occurs under two conditions. Bedded dolomite is 
rare; but the development of this rock on the horizon of the 
Cyrtina-septosa Band, at Mr. Delany’s quarries near Threshfield, 
appears to be a contemporaneous deposit, as it occurs again at the 
same horizon at Ghaistrills Strid and also in the Kettlewell district. 
As a rule, however, in the Settle district dolomite occurs in the 
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neighbourhood of important faults: as, for instance, near the 
South Craven Fault at Ingleton, and again in Jenkin Beck, and 
near the North Craven Fault at Great Stainforth. On the High 
Hills streaks of dolomite occur in connexion with the cross-faults, 
and a band of this material may be traced at intervals near the 
junction of the knoll-reef limestone and the D, limestone. 

The origin of the mass of dolomite immediately north of Scaleber 
Quarry and of that which occupies a large area on High South 
Bank is difficult to explain. These patches are some distance from 
the Middle Craven Fault, and dolomite is absent from the rocks in 
immediate proximity to the fault. The dolomite on High South. 
Bank is certainly secondary, as kernels of unaltered limestone can 
occasionally be seen. It is possible, then, that these two exposures. 
may be connected with thrusting in the district. 


Silicified limestones, containing well-grown bipyramidal 
quartz-crystals, which frequently show a definite zonal structure, 
are found in several portions of the district. The most striking 
development oceurs in rocks of D, age near the head of Stockdale,. 
close to the Middle Craven Fault, where it was first noticed by 
Prof. Marr (39, p. 343); but similar quartz-crystals are common 
in the limestone of the faulted region of the High Hills, nearer 
Settle. These also occur close to the North Craven Fault, above 
Great Stainforth Bridge, in beds of 8, age. The crystals, how- 
ever, are not entirely confined to the neighbourhood of faults. 
We find them, though less abundantly, in the base of the limestone 
north of the faults at Austwick Beck Head, in beds of S, age, 
and below Thornton Force in beds of C, age. All the examples 
oecur near lines of weakness, either vertical faults, or the horizontal 
plane of the unconformity, where water containing silica in solution 
could circulate most easily and by impregnating the limestone 
along the margins produce metasomatic replacement. By far the 
richest development of the crystals is found in crushed regions in 
the neighbourhood of the North Craven Fault and the High Hills, 
where they are associated with a local development of dolomite 
(see Pl. XIX, figs. 5a & 56); and, at first sight, it would 
appear natural to attribute their formation either directly or 
indirectly to the effects produced by earth-movements. 

There is, however, one example of the occurrence of these 
erystals which makes us hesitate before adopting that view. In 
this case the quartz-crystals are embedded in the pebbles of one of 
the limestone-conglomerates, described in a previous section of this 
paper as oceurring in the wedge-shaped strip of country between 
the Attermire Fault and the Middle Craven Fault, a little west of 
Stockdale Farm. The crystals here, though abundant, appear to 
be confined to the pebbles and entirely absent from the matrix 
(Pl. XIX, fig. 4). It might be suggested that the conglomerate 
was a crush-conglomerate, and that the silica had been introduced 
here also as the result of earth-movements; but a careful exami- 
nation of the rock in the field and in hand-specimens does not bear 
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out this suggestion, and there appears to be no doubt that the 
conglomerate is a contemporaneous formation. Unless, then, 
appearances are deceptive, the crystals in the pebbles would seem 
to have been formed before the limestone was broken up and the 
fragments rounded into pebbles, aud therefore that the crystals 
originated at the time of the consolidation of the original deposit. 
In discussing the formation of the crystals in the limestone at the 
head of Stockdale, Prot. Marr remarks :— 

‘The perfection of the crystals suggests a peculiar condition of matrix 
during the time of their formation, and seems to bear out the observations 
which I have made concerning the limestones of the knolls, that their erystal- 
lization was due to removal of pressure and that they were in a quasi-fiuid 
state before their final consolidation,’ (89, p. 343.) 

Prof. Marr does not suggest any origin for the silica, but he 
evidently regards the crystals as due to secondary change, as a 
result of earth-movements subsequent to the formation of the 
limestone. Examples of quartz-crystals in limestone of Carboni- 
ferous and Devonian age have been cited from other localities. 
Thus Prof. W. J. Sollas has suggested that the crystals in the 
limestone of Caldon Low are due to the displacement of the silica 
of sponge-spicules by carbonate of lime and the subsequent crystal- 
lization of the freed silica; while Mr. EK. B. Wethered, in describing 
the quartz-crystals from the Devonian limestone of Lummaton 
and Barton, considers that they have originated from the silica of 
decomposing silicates, apparently at the time of the original 
consolidation of the deposits. 

Dr. H. H. Bemrose (1), in his paper on the occurrence of 
quartz-rock and quartzose limestone in Derbyshire, attributes the 
crystals to simple crystallization of silica out of a siliceous solution. 
With regard to the source of the silica, he considers that it may 
have been derived from siliceous organisms in the limestone, or 

more probably from deep-seated thermal waters containing silica 
in solution. 

In the Settle district we do not find the quartz-crystals asso- 
ciated with sponge-remains or fragments of silicates; whereas in 
the cherty limestone, where sponge-remains do occur, we have seen 
no trace of bipyramidal quartz-crystals. As the chert is evidently 
contemporaneous, it seems fair to assume that the silica forming 
the quartz-crystals is of different origin, and probably secondary. 
On the whole, then, the quartz-crystals would appear to have 
originated in the same way as those described by Dr. Bemrose 
from Derbyshire, and to be due to solutions, containing silica, 
which have circulated freely along lines of weakness, especially in 
the regions where faulting and crushing are most in evidence. 
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EXPLANATION OF PLATES X-XXI. 


PLATE X. 


View of Settle looking east. The Middle Craven Fault (MF), the Attermire 
Fault (AF), and the ‘ High Hills’ (HH) lie between. The distant 
bushes indicate Banks Nursery, where the line of the Attermire 
Fault is interrupted by the continuous outcrop of the Nemato- 
phyllum-minus Beds (NM). (See p. 220.) 


PratTe XI. 


Fig. 1. Thornton Force, Ingleton, showing the Michelinia Zone (M) with 
Basement Conglomerate (B), resting unconformably on Ingletonian 
Slates. (See p. 191.) 
2. Nodular coral-bed in the Lower Dibunophyllum Sub-zone; Meal Bank 
Quarry, Ingleton. (See p. 213.) 


PLATE XII. 


Coal-seam (C) and mudstone in the Lower Dibunophyllum Limestone. A 
line of thrust (‘) can be seen above the coal; Meal Bank Quarry, 
Ingleton. (See p. 214.) 


Prats XII. 


Fig. 1. Thrust (T) in Meal Bank Quarry. South Craven Fault (F); Dolomite 
(D). (See p. 215.) 
2, Thrust in the Lower Dibunophyllum Sub-zone, Storrs Common, Ingle- 
ton. The Oyrtina Band is here repeated, possibly in connexion 
with this thrust. (See p. 216.) 


270 PROF. GARWOOD AND MISS GOODYEAR ON THE [| vol. Ixxx, 


PLATE XIV. 


Fig. 1. View of the Middle Craven Fault (MF), from Malham, looking west 
towards Pikedaw. Lower Dibunophyllwm Sub-zone with Cyrtina 
Band. Conglomerate at C. (See p. 225.) 

2. ‘High Hill’ from the east, showing the junction of knoll-limestone (K) 
on the south with D, limestone on the north. A layer composed 
of dolomitized and silicified limestone forms the junction on the 
skyline. (See p. 244.) 


PLATE XV. 


Fig. 1. Synclinal fold in cherty limestone underlying knoll-reef limestone, 
Haw Hill, Hanlith, near Malham. This fold forms a ridge on both 
sides of the Aire. (See p. 234.) 
2. Lenticular ‘eye’ of crinoidal limestone above Lower Lonsdalia Beds, 
showing miniature knoll-structure intensified by pressure; Great. 
Sear, above Stockdale Farm. Bryozoa Series (Br.); cherty 
Lonsdalia Bed (C.L.) ; ermoidal lenticle (Cr.). (See p. 224.) 


PuatTE XVI. 


[ All the figures in Plates XVI-XVIII are of the natural size, 
unless otherwise stated. | 


Figs. la & 1b. Aulophyllum concentricum sp.nov. Nodular Bed, Meal Bank 
Quarry, Ingleton. Horizon D,. (See p. 259.) 
Fig. 2. Another specimen from the same bed. (See p. 259.) 
Figs. 3a & 3b. Dibunophyllum aspidiophylloides sp. nov. Nodular Bed, 
Meal Bank Quarry, Ingleton. Horizon D,. (See p. 260.) 
4a &4b. Dibunophyllum sp., tending towards Histiophyllwm dicki 
Thomson. Nodular Bed, Meal Bank Quarry, Ingleton. (See p. 260.) 
5a&5b. Dibunophyllum vaughani (= Dibunophyllum @ Vaughan). 
Nodular Bed, Meal Bank Quarry, Ingleton. Horizon D,. (See 
p. 259.) 
6a&6b. Dibunophyllum bristolense (= Dibunophyllum w, early form, 
Vaughan). Nodular Bed, Meal Bank Quarry, Ingleton. Horizon 
D,. (See p. 259.) 


PLATE XVII. 


Figs. la & 1b. Dibunophyllum sp. aff. matlockense Sibly. Above Hunt Pot, 
Penyghent. Horizon D,. (See p. 260.) 
2a & 2b. Dibunophyllum rhodophylloides sp.nov. Old Ing, Penyghent. 
Horizon D,. (See p. 261.) 
3a, 3b, & 3c, Lophophyllum magnificwm (Thomson & Nicholson). 
Above Hunt Pot, Penyghent. Horizon D,. (See p. 262.) 
Fig. 4a. Rhodophyllum distans sp. noy. Above Hunt Pot, Penyghent. 
Horizon D,. (See p. 261.) 
46. The same, longitudinal section, x 3/2. (See p. 261.) 


PLATE XVIII. 


Fig. 1. Productus pugilis Phillips. Back Sear, east of Settle. Horizon D.. 
(See p. 205.) r 
2. Pemmatites sp. 3/2. Lamellibranch Bed, Fairweather Springs 
Ingleborough. Horizon D,. (See p. 204.) 
3. Rhodophyllum distans sp, noy. Above Hunt Pot, Penyghent. 
Horizon D,. (See p. 261.) 
Figs. 4a & 4b. Lithostrotion arachnoideum (M‘Coy).  Scaleber Quarry. 
sys chert-beds just below the knoll-reef limestone, (See 
Dp. : 
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Fig. 1.—THorwron Force. Unconrormiry. 


Fig. 2.—Merat Bank Quarry, Inereton. Nopunar Coran-Bep. 
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Fig. 1.—Merat Bank Quarry, Ineauetron. Turvst. 
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Fic. 1.—Syncring IN Cuerty Limestone, Haw Hyn1, 
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Fig. 2.— Kyorn-Srructure tn CrinorpaL Limestone D,, 
GREAT Scar, STOCKDALE. 
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PRODUCTUS, PEMMATITES, RHODOPHYLLUM, 
LITHOSTROTION, and ZAPHRENTIS. 


QUART. JOURN. GEOL. Soc. VOL, LXXX, PL. XIX. 


GIRVANELLA, BEAN-SHAPED ORGANISMS, 
and QUARTZ-CRYSTALS. 
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Fig. 5. Zaphrentis nodosa (Smyth). xX 3/2.  Goniatite-Bed, knoll-reef 
limestone, Stockdale Gorge, near Settle. (See p. 262.) 

Figs. 6a & 6b. Zaphrentis sp. nov. 1. X 2. Keld Bank Sike, Ingleborough. 
Horizon D,. (See p. 262.) 

Fig. 7. Zaphrentis sp. nov. 2. 2. Moor Close Gill, Bordley, east of 
Malham. Horizon D,. (See p. 263.) 

8. Zaphrentis sp. nov. 3. X 2. Gauber High Pasture, Ingleborough. 

Horizon D,. (See p. 263.) 


PLATE XIX, 


Figs. 1 & 2. Girvanella sp. Small and large tubes. Girvanella Nodular 
Bed. Hunt Pot, Penyghent. 100. (See p. 200.) 

Fig. 3. Section of nodule, showing concentric layers of Girvanella (G), 
Calcite (C), and ‘ bean-shaped’ organisms with an infilling of iron 
pyrites : these nodules are very characteristic of D,. Fairweather 
Springs, Ingleborough. X35. (See p. 203.) 

4. Quartz-crystals in pebbles of limestone-conglomerate. Halsteads, 
east of Settle. x 35. (See p. 265.) 

5a. Quartz-crystals in limestone showing zoning. Great Knott, east of 
Malham. x 25. (See p. 265.) 

5 b. Quartz-crystals in limestone showing zoning. Stockdale Beck Head, 
east of Settle. x 25. (See p. 265.) 


PLATE XX. 


Geological sketch-map of the Settle district, on the scale of 1 inch to the mile, 
or 1: 63,360. This map shows the general zonal succession in the Lower 
Carboniferous rocks of the Settle District. The detailed outcrops in 
between the faults are only approximately correct. This district and 
that south of the faults are shown more accurately in Pl. XXI on a larger 
scale. ‘The double lines in D, and D, representing the Yoredale lime- 
stone bands are taken from the 1-inch Geological Survey map. The 
highest of these represents the Main Limestone of the Survey map ; the 
rest are almost devoid of fossils, and are of no zonal significance. The 
Orionastrea Band on Ingleborough represents the Hardraw Scar Lime- 
stone of the Survey, but reasons are given in the text for the conclusion 
that this horizon may represent the Simonstone Limestone of the Upper 
Wharfe district and of Wensleydale. A similar band with chert occurs 
in the lowest Yoredale limestone on Fountains Fell, but Orionastrea has 
not been found in it. The junction between S and D, must be considered 
in many places as approximate only when the Porcellanous Bed is not. 
developed. This is notably the case in the district between the faults, 
as at Attermire Scar, Gordale Sear, and Malham Cove. The outcrop of 
the Viviparus Bed at Horton Limeworks is too small to map inaccurately, 
and is now covered with débris from the quarry : it is approximately 
on the site of the water-tank. Detailed mapping has not been attempted 
east of the rivers Skirfare and Wharfe, but the faunal succession is 
normal here up to the Orionastrea Band, which has been traced to the 
east of Kettlewell. 


PLATE XXI, 


Sacto cal map of the district between the Craven Faults in the neighbour- 
hood of Settle, on the scale of 2 inches to the mile, or 1:31,680. This 
map shows the detailed outcrops of the beds between the faults and 
the general succession immediately south of the Middle Craven Fault. 
Patches of south-country rocks represented by knoll-reef limestone 
and Bowland Shales are shown to occur north of the Middle Craven 
Fault, near Settle and Bordley Hall. The areas left blank represent 
rocks of doubtful age. 


Q.3.G.8. No. 318. ut 
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DIscusston. 


Prof. J. E. Marr said that he had been over much of the 
ground with one of the Authors, and was convinced of the accuracy 
of their paleontological sequence. As a result of mapping by 
paleontological zones they had been able to interpret the com- 
plete fault-system of Craven, and he congratulated them on the 
importance of the results thus obtained. 

He (the speaker) had certainly claimed that thrusting existed 
here, but supposed that the thrust was from the north. As the 
result of the Authors’ work, however, he was convinced of his 
mistake, and that the thrust came, as they claimed, from the south. 

He believed that the marked contrast between northern and 
southern facies was due to thrust against the rigid horst on the 
north, and that where that horst ceased westwards, the thrust 
rocks were free to move northwards and here, as stated long ago 
by McKenny Hughes, Carboniferous beds of intermediate type 
were formed near Kirkby Lonsdale. Farther west, the Lake- 
District horst, less resistant than that of the Pennines, caused 
the northern end of the thrust area to lie in a more southerly 
tract than in the Kirkby Lonsdale area. This region of thrust 
probably extended from the Lake-District border through the Isle 
of Man, and perhaps into Ireland. 

He was glad that the work of the Authors gave additional 
support to the views which he had put forward concerning reef- 
knolls. 

Prof. O. T. Jones suggested that, in order to avoid confusion 
in the use of the same expressions with quite different meanings, 
it would be advisable to utilize some other term than ‘north 
country and south country’ for the area on the north and south 
respectively of the Craven Faults. 

With regard to the overthrust which the Authors had invoked, 
so as to explain the difference between the developments in these two 
areas, one would have expected to find evidence of overthrusting 
movements on a larger scale than that described by the Authors. 
It was difficult to reconcile the Authors’ contention that the two 
facies were laid down some distance apart, and had been brought 
together by thrusting, with the relatively small movements along 
other parts of the faulted region, particularly towards Skipton. 
He further pointed out that, although it was not generally known, 
the difference between the facies in the Craven district is not 
restricted to that area, but (as A. H. Green observed) is character- 
istic also of the Derbyshire area, where the difference between the 
succession on the east side and on the west side is analogous to, 
though not identical with, that between the area north and the 
area south of the Craven Faults. 

He was informed by Mr. J. Wilfrid Jackson (of the Manchester 
Museum), who was engaged in the comparison of the succession on 
the east and west sides of the Derbyshire massif, and who allowed 
him to use the information, that in Derbyshire the difference is 
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probably accounted for by a non-sequence. As a similar ye 
‘sequence had been described by the late Arthur Vaughan, Dr. 
Wilmore, and others in the area south of the Craven Faults, hg 
wished to ask whether this explanation would not largely account 
for the different developments in the two parts of “the Craven 
district. 

Mr. G. W. LampivueH asked whether it was to be understood 
that the Authors accepted R. H. Tiddeman’s view that the lime- 
stone-knolls owed their structure in the main to original inequalities 
of deposition or consolidation, while considering also that the strue- 
ture had been modified by later earth- fovonens It so, their 
explanation would go far towards reconciling the divergent opinions 
regarding the knoll- structure, and seemed very reasonable. If the 
knolls were knots of hard rock of early consolidation, they could 
not fail to have a strong local effect upon the weaker strata sur- 
rounding them during any kind of earth-movement on a large 
scale, and even during the shighter movements due to differential 
shrinkage. The knoll- limestones which the speaker had studied 
in the Isle of Man showed the same combination of original and 
superimposed structures. 

The AurHors thanked those present for the cordial reception 
which had been given to the paper, and expressed their appreciation 
of the confirmatory statements made by Prof. J. E. Marr. 

In reply to Prof. O. T. Jones, Prof. Garwoop pointed out that 
it seemed impossible to attribute the presence of the ‘ knoll-reef’ 
limestone at High Hill or the Bowland Shales at Bordley to a 
non-sequence in the North-Western Province facies. 

According to Prof. Marr, the ‘knoll-reef’ limestone of Cracoe 
and Sealeber represented the Pendleside Limestone, and was the 
‘equivalent of the Upper Scar or Main Limestone of Ingleborough ; 
while W. Hind & J. A. Howe considered the Pendleside Series 
as lying entirely above the Yoredales: so that, if a non-sequence is 
postulated at High Hill, the whole of the Yoredale Series is missing, 
and the ‘knoll-reef’ limestone is there brought against limestone otf 
D, age. Again, at Bordley the Bowland Shales would also be over- 
pps on to the top of D,. The whole character of the faulting 
and folding on the south speed to movement in a northward 
‘direction against the rigid block. He regretted that, owing to the 
lateness of the hour, and in view of another paper to follow, he 
could not reply fully to the questions raised in the course of the 
discussion, but believed that all the points had been dealt with 
in the paper itself. 


ts 
“I 
— 


DR. lL. J. WILLS ON THE [vol. lxxx, 
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I. Iyrropvuction, 


Tue late Prof. Charles Lapworth inspired me with a desire to test. 
the validity of his hypothesis, put forward as long ago as 1898,1 
that the Upper Severn was added to the Lower Severn as a result 
of the impounding of a glacial lake in Shropshire and Cheshire. 
The lake, according to the hypothesis, rose until it flowed out over 
the former watershed between the Shropshire plain (which originally 
had drained to the Dee or the Mersey) and the headwaters of a 
tributary of the Worcestershire Stour. 

The same view was put forward independently by F. W. Harmer: 
in 1907,? in a paper accompanied by an excellent contoured map, 
which may be conveniently consulted in connexion with the present 
work. 

Neither Lapworth nor Harmer attempted, so far as I know, to- 
bring forward detailed evidence in support of the hypothesis. 


Proc. Geol. Assoc. vol. xv (1898) p. 425. 
Q. J.G.S. vol. lxiii (1907) pp. 477-81. 
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Lapworth called attention to the rejuvenation of the Severn and its 
tributaries, which he regarded as resulting from the diversion, into 
a diminutive tributary of the Stour, of the copious waters of the 
Upper Severn which had originally flowed into the Dee; while 
Harmer pointed out the existence of Glacial lake-deposits on the 
Shropshire Plain. 

Harmer threw out the suggestion (op. eit. p. 479) that the 
Severn Valley from Bridgnorth to Bewdley was initiated as a 
marginal drainage-channel on the west side of the ice-lobe 
that left so many Scottish and Lake-District boulders around 
Wolverhampton and Bridgnorth. 


Il. StaTEMENT OF THE PROBLEM. 


As may be seen from any contoured map, the Cheshire-North 
Shropshire Plain is surrounded by higher ground on the west, 
south, and east, with the exception of the gorge at Iron-Bridge. 
Were the drifts cleared out of the plains, this relief would be con- 
siderably accentuated. 

The ring of high ground shows signs at Rudyard and elsewhere 
of having had drainage-channels excavated across it) a fact that 
increases the probability that the Iron-Bridge gorge arose as such 
an overflow-channel. But the gorge does not cut across the ancient 
watershed at the point where it was lowest: that is, in the neigh- 
bourhood of Newport (Salop). Harmer assumes that this lower 
col could not be used, inasmuch as it was overspread by the ice- 
sheet that impounded the Shropshire Lake, and perhaps by Pennine 
ice. Mr. KE. E. L. Dixon’s preliminary statement? regarding the 
Newport district confirms this view. 

I set about examining the district in the spring of 1914, with 
the conviction that the mapping of the glacial, fluvio-glacial, and 
river-deposits should give a very direct answer to the question as to 
whether Lapworth’s and Harmer’s hypothesis was correct; and, if 
so, as to the sequence of events that led the Severn to flow in the 
Tron-Bridge Gorge. 

The descriptions of the drifts of this district given by Maw, 
Mackintosh, and others,’ lose some of their value, in that they are 
coloured by the then-current views of glaciology held by the writers. 
In order to avoid, in some degree, falling into the same error, I 
have tried in the sequel to separate so far as possible my data from 
the theories that they suggest to my mind. 


' See EF. W. Harnier, op. cit., for references. 

2 «Summary of Progress for 1920’ Mem. Geol. Surv. 1921, p. 20. ; 

3G. Maw, Q.J.G.S. vol. xx (1864) p. 183; D. Mackintosh, ibid. vol. xxix 
(1873) pp. 358-59 & vol. xxxv (1879) p. 436; J. Carville Lewis, ‘ The Glacial 
Geology of Great Britain & Ireland’ 1894. 
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IU. Tre Torocrapuy or THE LRoN-BriIDGE, SUTFNADL, 
AND Bripe@norrn Disrricr. 


The following units may be recognized :— 


1. The Buildwas Strath. 

2. The Barrow-Broseley and the Madeley-Shifnal Plateaux.. 
3. The Iron-Bridge—Bridgnorth Gorge. 

4. The Worfe Vale. 


(1) The Buildwas Strath is a continuation eastwards of the 
Shropshire Plain, and is a fairly open valley through which, in the: 
west, the Severn meanders on a_ broad ‘flood- plain (gradient = 
1:66 feet per mile). Eastwards, the valley and the flood-plain 
contract towards the entrance of the Lron- Bridge Gorge, at which 
point Coalbrookdale debouches. The latter may be regarded as the 
natural continuation of the Buildwas Strath. 


(2) The Barrow-Broseley and the Madeley-Shifnal 
Plateaux.—A high plateau with a north-westward facing searp,. 
extends from near Much Wenlock, through Barrow, and along 
Benthall Edge, to Lron-Bridge. Southwards, the plateau is con- 
tinued throug h the high eround of Shirlett Common, Willey, and 
Tasley, to the valley of the Mor Brook. North of the Iron- Bridge 
Gorge a similar plateau stretches from Coalbrookdale and the 
Wrekin towards Madeley and Shifnal, and is prolonged north- 
eastwards as the divide at the head of the Worfe Valley. The two 
plateaux, although separated by the Severn Valley, form a single 
unit. ‘They both slope, in the main, towards the low ground of the 

Worfe Valley. They are both seamed by simall brooks having a 
el south- easterly direction, of which we may note from nor th 
to south, the Wesley Brook (upper part), the Hem Brook, the 
Mad Brook (lower part), the Coalport Brook (upper part), the 
Horsehay Brook (upper part), the Dean Brook, the Linley Brook 
(upper part), the Mor Brook, and others farther south and outside 
the district. These brooks may be regarded as consequent streams. 
related to the general dip of the older rocks. The valleys of the 
Worfe and of the Severn, south of Apley, are parallel to the strike 
of the Trias. 

Two major watersheds (Pl. XXII) occur on the plateaux :— 
First, that from Henmoor Hill to the Barrow Col (see below) and 
thence along the crest of the Barrow-Broseley Plateau to Iron- 
Bridge, and a Iron-Bridge to Lightmoor and Dawley. These 
separate the drainage reaching the evorn, west of the Iron- Bridge: 
Gorge, from that which flows directly to the gorge or to the Worfe. 
Secondly, the divide running from the Wrekin, eastwards through 
Dawley and Oakengates, to Weston Heath and Weston-under- 
Lizard. This separates the tributaries of the Tern and the Meese: 
from those of the Worfe. The major divides are referred to im 
the sequel as ‘the watershed’: in pre-Glacial times it was unbroke 
at Iron- Bridge. 
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A secondary divide runs southwards from the Barrow Col 
between the Mor Brook drainage-basin and the other western 
tributaries of the Severn. 

The crest of the plateaux sags in places to cols, of which the 
following may be noted. They are indicated by letters on the 
map (Pl. XXII) :—B, the Barrow Col, 630 feet O.D.; P, the 
Posenhall Col, 595 feet O.D.; L, the Lightmoor Col, 365 feet 
O.D.: all these cross the first divide. ©, the Coalmoor Col, 
632 feet O.D.; O, the Oakengates Col, 470 feet O.D.; and G.B., 
the Gorsey Bank Col, 350 feet O.D., traverse the second. 


(3) The Iron-Bridge—Bridgnorth Gorge.—Diagonally 
across the sloping plateau runs the trench-like gorge of the Severn 
gradient: Iron-Bridge to Bridgnorth=3'3 feet per mile; Bridg- 
north to Hampton Loade = 2 feet per mile). From Iron-Bridge 
to Swinney its direction is from north-west to south-east, parallel 
to the consequent brooks; from Swinney to Bridgnorth it is almost 
north to south, parallel to the strike of the rocks. Its sides are so 
steep that in many places landslips have occurred, and are still 
proceeding, as may be especially well seen at Madeley Wood, near 
Coalport (Pl. XXII, M). The small tributaries which the gorge 
receives have very steep gradients, and some are hanging valleys. 


(4) The Worfe Valley.—The Worfe and its tributaries 
occupy an open, gently undulating vale, some 3 or 4 miles across. 
Its direction is from the north, southwards almost to the latitude 
of Bridgnorth. The streams lie for the greater part deeply 
incised below the general level of the country. The Worte 
eventually passes in a shallow gorge through the Pebble-Bed 
Escarpment into the Severn, about 2 miles north of Bridgnorth. 
For the present purpose, the most important tributary of the 
Worfe is the Mad Brook which, rising near Stirchley, flows past 
Cuckoo Oak, south-eastwards to the Worfe at Beckbury. 


TV. THe Guactat DeEpostts. 


The drifts of the whole district are almost exclusively derived 
from the Irish Sea Glacier, being full of granite-boulders from the 
Lake District and the South of Scotland. There is a large ad- 
mixture, however, of Welsh material, much of it in the form of 
shingle. It is possible that this may have been derived from earlier 
glacial deposits, and not directly from Wales. Evidences of such 
deposits are dealt with on pp. 287, 291, & 292. 


(A) Environs of Iron-Bridge. 


The Severn Valley, from Buildwas to the mouth of Coalbrook- 
dale, contains large mound-shaped hillocks of clean sand and 
gravel, which may be termed the Buildwas Sands. The most 
conspicuous mounds are grouped in the narrowing eastern end of 
the Strath. Maw gave a good description of one of these at 
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iStrethill (Pl. XXII, Q), as long ago as 1864. He made an 
important point in showing that the sands descend to the bottom 
of the valley, that the mounds rise to about 300 feet O.D., and 
that the internal structure bears no relationship to the present 
shape of the hill. 

At Strethill the railway-cutting and gravel-pit in those days 
showed two masses of clean sand and gravel, separated by about 
60 feet of an heterogeneous clayey gravel and clay-deposit; this 
was evidently of the nature of boulder-clay, and contained lumps 
of Wenlock Shale and more angular boulders than the sands. 
‘Only part of the upper sands and gravels is now exposed.! 


There are at the present time fine sections open near Buildwas, 
especially in the pit at the side of the railway near Buildwas Abbey. 
The section (fig. 1, p. 278) is based on observations made in 
i920 and 1923. The most striking feature, apart from the great 
mass of sharp clean sand, with shell-fragments and tiny bits of 
slate, was provided by the large blocks of tough grey boulder-clay 
containing stones and marine shells.. The horizon in which the 
blocks of boulder-clay occur is succeeded by gravels, sands, and 
silts having a rather steep dip. The blocks appear to have been 
deposited from floating ice, and to have ploughed up the underlying 
sands, which are disturbed and cut off by the clays and silts. In 
the pit by the railway-station no boulder-clay occurs. It was this 
pit to which Maw’s observations refer. 

He collected a number of marine shells at Strethill, and frag- 
ments occur in the sands and boulder-clay at Buildwas Abbey ; 
but, as such shells are habitually found in deposits laid down by 
the Irish Sea Glacier, they are now usually, and (I think) correctly, 
regarded as boulders, not as indications of a submergence. 

A gravel overlies the other deposits at Buildwas Abbey. It 
resembles river-gravel, and is interbedded with silts. At the south- 
western end (not shown in the section) other gravels occur that 
care probably connected with the Farley Brook. 


Immediately east of the mouth of Coalbrookdale, the Severn 
enters the Iron-Bridge Gorge, which presents every appearance 
of a recent origin. The river falls fleetly over the rapids, the 
valley sides are steep,'and ever on the move, both large and small 
landslips being conspicuous, The tributaries descend in ravines 
from the high plateau that in many places extends to the brink of 
the gorge. No glacial and very little fluviatile drift is found in the 
upper part of the gorge, with the exception of a small patch of 
gravels near Swinney. 
~ On the plateau, however, there are fairly large spreads of boulder- 
clay at about 440 to 500 feet O D. near Madeley Wood Colliery 
(Pl. XXII, M). The deposit, 12 feet thick, is typical brownish 
till, with plentiful boulders in it. Only a very few of these are 


1G. Maw, Q. J.G.S. vol. xx (1864) p. 133 & fig. 1. 
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far-travelled, the bulk being Coal-Measure material. The upper 
part of the deposit is more sandy and roughly bedded. This 
deposit was clearly laid down as ground-moraine when no gorge 
existed, see sections (fig. 2, p. 280). 

Maw records drift from Benthall, Posenhall, and Broseley on the 
plateau south of the gorge; but exposures are rare, and it is possible: 
that he only refers to boulders (op. evt. p. 132). 


Fig. 3.—Shetch-map of the valley of the Horsehay Brook, 
on the scale of 3 inches to the mile, or 1: 21,120. 
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Sketch-Map 
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Deserted Channels 


At about 450 to 460 feet O.D., on the very crest of the valley- 
side at Lincoln Hill, Iron-Bridge (Pl. XXII, LH, & fig. 2) 
occur 12 feet of laminated clay, fine silts, bedded clay, and 
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laminated silts, with occasional erratics of small size in the upper- 
most 3 feet. These are dug for a moulding-sand ingredient at a 
point 150 yards west of Madeley Union Workhouse. 

These silts present the appearance of lake-deposits, but could 
only have come into existence in a lake in this position and at this 
level when an ice-dam or watershed higher than 460 feet O.D. lay 
across the present site of the Iron-Bridge Gorge. Against such a 
watershed (and we see indications of its existence in the high. 
drift-covered plateau just described) a glacier-lake might have been 
impounded by ice occupying the Buildwas Strath. 


The Horsehay Brook, which is the eastern feeder of the 
Coalbrookdale stream, is of particular importance in the history 
of the district (see fig. 8, p. 281). It rises on the Tern-Severn. 
watershed at the Coalmoor Col (Pl. XXII, C). From its source 
to Lightmoor Station it, flows on solid rocks, that are in places. 
capped by thin spreads of boulder-clay; but its valley is remark- 
able, on account of the curious abandoned courses (fig. 3). 

At Lightmoor Station! it takes an acute bend; the character of 
the valley changes, and the stream begins to drop more rapidly to 
Coalbrookdale, at one place being cut in boulder-clay. This lower 
part has an east-and-west alignment, and is continued eastwards 
by the wide, fairly flat-bottomed through-valley of the Lightmoor 
Col (Pl. XXII, L & fig. 2, p. 280). 

This through-valley has clearly been excavated by water flowing 
across what is now a major watershed. Its northern flank has 
been cut out of thick drifts; while on its southern side, boulder- 
clay probably caps a steep bank of Coal Measures. The following: 
section was exposed near the triangulation-point 441 O.D., behind 
Moor Farm, in 19238 :— 

Thickness in feet. 


Reddish stony boulder-clay, with northern erratics..,... 3 
Grey boulder-clay, with boulders of Coal-Measure sand- 
stone and shale, but no far-travelled erratics ......... 5 
Moro reaiyr nate) EenaKe! cc ni adeaor Soha cpdosns nedpap PoondDogn UpDoAR EAR 5 
Janaveyl yan yuar revel ebdnge) ae po aoeneesenaror weecosoodse cmd atance 2% to 3 
Sand, with coal-pebbles, and fine gravel ................6 3 
Sharp reddish sand, with bits of coal and slate, like the 
Teirad ays) PSE VAGUE oo Actcmonco gon ced dupnebbeoodn conepeodanoaghoceL 9+ 
28 


The sands and boulder-clay can be traced down the eastern end. 
of the gap into the Madeley Court valley, and so past Cuckoo Oak. 
into the valley of the Mad Brook. , 

The section of the sand-pit, in the abandoned Hill Lane Colliery, 
at Cuckoo Oak, is given in fig. 4, p. 282. Here typical till, with, 
far-travelled erratics from Scotland, the Lake District, and possibly 
Wales, overlies shingly false-bedded gravel that in turn covers. 


1 This part of the valley is almost obliterated by slag-heaps and pit-- 
mounds. 
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horizontally-bedded sands. At the southern end of the pit. about 
8 feet of boulder-clay overlie some 12 feet of sharp sand, with an 
occasional seam of shingle. 'The sand is like the Buildwas Sands. 


Reverting to the Lightmoor Gap, I must point out that on its 
floor there are at least two low mounds of gravelly material that 
might be regarded as very stony boulder-clay (fig. 2, p. 280). 
Similar material is found at a few places (indicated by vertical 
striping on Pl. XXII, X & Y) on the higher parts of the valley- 
sides of Coalbrookdale. 

The geological features of the vicinity of Lightmoor suggest the 
deposition of sands and shingle in water, possibly as an outwash- 
fan in front of, or between, two lobes of the ice-sheet; the over- 
riding of the sands by the ice-sheet that left the boulder-clay ; the 
erosion of the through-valley by the waters of an overflow channel ; 
and, finally, the possible occupation of the through-valley by ice 
that laid down the gravelly clay in mounds. 


(B) The Worfe Vale and the Severn Valley 
South of Coalport. 


The following varieties of drift may be distinguished :— 


(1) Fairly stony, sandy till............... True ground-moraine. 
(2) Rather stoneless sandy clay and { Probably the finer outwash 
RADA teen ay alta senissoatacorbeeeeeeet { material. 
(3) Kame-like mounds of gravel ...... Probably marginal deposits, pre- 
sumably recessional. 
(4) Fluvio-glacial! valley-gravels ...... (a) of the Dean & Linley Brooks ; 


(b) of the Mor Brook ; 
(c) of the Mad Brook and Lower 
Wortfe. 
(5) River-gravels and alluvium ......... (d) of the Severn ; 
(e) of the Upper Worfe and Tong 
Brooks. 


(1) Fairly stony till that may be regarded as ground-moraine 
occurs, as already noted, near Cuckoo Oak, and extends for a short 
distance down the Mad Brook. Similar clay occurs east and 
north-east of Shifnal. South of these two areas little can be said 
of the clayey drifts in the Worfe Vale, for they are poorly exposed. 
It is probable that true ground-moraine may occur at Echoes Hill 
Clay-Pit (PI. XXII, E); perhaps near Norton and Apley Park 
Farm ; near Crowgreaves; south-west of Merecot; near Alscot and 
Catstree. In the two last-named areas the material is very gravelly. 
At the Echoes Hill Pit, the clay exposed at present is almost stone- 
less; but, if we may judge from the bricks made there, it probably 
- contains limestone-pebbles. 
In the Severn Valley itself boulder-clay is rarely found south of 
Coalport. Isolated boulders, and possibly boulder-clay,? occur on 


1 See note on p. 289. 
2G. Maw, Q. J. G.S. vol. xx (1864) p. 132. 
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the high ground near Broseley, Posenhall, and Barrow, up to about 
700 feet O.D. 

Mr. T. Robertson has pointed out to me one large and other 
smaller patches of sandy drift-clay near Colemore Green, a mile 
south-west of Apley, at elevations from about 250 to 300 feet O.D. 

Big boulders of granite are found up to 400 feet O.D., west of 
Bridgnorth. 

South of Bridgnorth, boulders (usually granites) are common 
round Kardington. In the railway-cutting between this village 
and Knowlesands (fig. 6, p. 292) a reddish sandy clay, with small 
erratics of the usual northern types, is seen to overlie the sands 
to which reference is made on p. 294. The big boulders at Eard- 
ington may be the relies of this deposit. 

At about 270 feet O.D., 200 yards south by east of Potseething 
Farm, on the sides of a small tributary of the Severn, 4 to 5 feet 
of clay with seattered small stones, overlie about the same thickness 
of roughly stratified sand, with very thin clayey seams. There are 
coal-fragments in the sand, as is usually the case in this district. 

A large boulder at about 240 feet O.D., and about a mile north 
of Hampton Loade, forms the southernmost occurrence of northern 
erratics so far observed on the west side of the Severn (excepting 
those in the terrace-gravels). 

Hast of the river, Mackintosh and Harmer! record an abundance 
of boulders east of Bridgnorth. There is also a great accumulation 
of them at Mose, which is a farm lying about a mile south-east of 
Quatford. The boulders here appear to come from a clay-deposit 
that must (I think) be classed as boulder-clay; but there is no 
good section. They number some hundreds, and range up to 
43 feet in diameter. This occurrence is also mentioned by 
Mackintosh (op. e7t. 1879, p. 437). 

The foregoing records of boulders have been adduced, as they 
establish a minimum distance to which the northern ice extended. 
I cannot at present assert more than this, as I have not examined 
the country lying away from the main valley, west and south of 
the Mor Brook, Dudmaston Hall, and Quatt. 


(2) South of the Mad Brook, and also near Evelith and 
Hinnington, are large areas of sandy clay, which southwards may 
pass laterally into sands. There are very few exposures, but the 
soils are slightly clayey, pebbly sands. The surface of these drifts 
is very level, and drops gradually with the valley. 

There are several places where the clays and sands can be shown 
to overlie the fluvio-glacial gravels (4c), p. 290, of the Wesley 
Brook, the Mad Brook, and Lower Wortfe Valleys; but the best 
exposure is in a pit three-quarters of a mile south by west of 
Beckbury (Pl. XXIJ, H). Here an unbedded, reddish sandy 
clay, with a few small erratics, is exposed to a depth of 5 or 6 feet. 


1 —D. Mackintosh, Q. J. G. 8S. vol. xxxv (1879) p. 487; F. W. Harmer, ibid. 
vol. lxiii (1907) p. 479. 
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It presents the appearance of a true till, and clearly overlies 
10 feet of fine gravel and shingle composed of slaty pebbles 
and northern erratics, with fragments of marine shells: a typical 
example of the Worfe Valley fluvioglacial gravels. . 

About three-quarters of a mile north-west of this locality, and 
near Cotsbrook, Higford, as also at and near Harrington Hall, 
sandy clay, sometimes with stones in it, overlies shingle and 
gravel of the same type. 

The stretch of clay near Shifnal, Evelith Mill, and Hinnington 
is probably of a similar nature. In the road-cutting at Evelith 
Mill a rather stoneless clay is seen to overlie gravel and shingle. 
The clay here forms a very level surface. Farther up the Wesley 
Brook, near the Old Manor House, south of Shifnal, about 2 feet 
of tough red clay overlie several feet of sand and shingle. 

Farther south, in the Worfe Valley, near Stableford and 
Cranmere Farm, sands appear to take the place of the clays, and 
to overlie the gravels. 


At one time, I regarded the clays, described above, as ground- 
moraine, on account of their resemblance to till. This view makes 
the fluvioglacial gravels of the Worfe antedate the advance of 
the ice; but the distribution of the clays and of the gravels seems. 
to suggest that the two deposits are intimately connected, and 
probably deposited in part contemporaneously. Some of the clay 
near the valley-sides may be a kind of wash from the higher 
ground; but much of the flatter parts may be regarded as flood- 
plain deposits of the waters that laid down the gravels in the 
actual river-channel. This view was suggested to me by Mr. T. 
Robertson, and would seem to explain many of the difficulties. 
associated with the great flat spreads of exposureless clay that give 
to the Worfe Vale its peculiar configuration. 

It is more than likely that the clays are lacustrine in part, for 
the glacial floods may at times have produced a lake in this flat. 
and open valley, the waters of which could only escape by the 
narrow gorge into the Severn. 


(3) Gravel-mounds:—(a) at low altitudes in the Wortfe 
Valley.—Small, more or less, mound-like patches of gravel and 
shingle occur at and near Hchoes Hill, south-east of Stockton 
(Pl. XXII, E); at Merecot; on both sides of the Shifnal Brook 
at Grindle (Pl. XXII, G), and near Evelith. Such gravels must, 
in my opinion, be regarded as glacial gravels of the nature of 
glacieluvial kames. In the case of the Echoes Hill deposit, the 
gravels show false-bedding that tends to dip towards the high 
Bunter Pebble-Bed ridge, as if they had been shot off the edge 
of the ice-sheet into water held up between the ridge and the ice. 
In composition, this gravel closely resembles the fluvioglacial 
valley-gravels, shortly to be described. In the other localities no 
exposures exist. Possibly these mounds may eventually help us 
to locate halting-places in the retreat of the ice. 
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(6) At high altitudes on the Broseley Plateau.—A large mound 
of gravel, pointed out to me by Prof. P. G. H. Boswell, occurs 
near Wyke (Pl. XXII, W), about a quarter of a mile west of 
Benthall Church. Its summit rises to 620 feet O.D. Its posi- 
tion west of and near the Posenhall Col (P), on the watershed 
of the Broseley plateau, suggests that it was formed at the ice- 
margin, at the time when the glacier-edge west of the watershed 
may Phave impounded a lake, the overflow of which poured across 
the col (see p. 303). 

Two similar, though smaller mounds, rise to about the same 
level south of "Posenhall, and may have originated at about the 
same time as marginal kames, when the ice-front lay along the 
southern flank of the Dean Brook Valley. A kame-like ridge of 
northern gravel occurs in Willey Park, near the Hangster’s Gate. 

Somewhat different in composition, shape and position, although 
probably formed at the same time as the Posenhall kames, is the 
deposit north-north-east of Dean Corner, in Willey Park, and 
adjoining the south side of the Barrow-Broseley Road (Pl. XXII, 
D & fig. 5, p. 288). Its shape is more terrace-like and less moundy 
than the Posenhall kames; but it is thoroughly morainic in its lower 

part (8 feet), containing ‘boulders measuring as much as 3 feet in 
tater: fhe majority of the stones are from local sources in the 
Coal Measures, but Eskdale granites, Uriconian felsites, Llandovery 
and Wenlock limestones are common; and Mr. J. Gray ! records 
fragments of marine shells. The upper part of the deposit is 
roughly-bedded shingle, clean sand, and (in places) clayey sand. 

This deposit may be partly glacial and partly fluvioglacial (see 
note, p. 289) in origin. In the latter respect, it may be correlated 
with terrace-like deposits near the mouth of the Dean and Linley 
Brooks (see p. 289). 


An unique deposit occurs immediately south of Rhodes Farm, 
about a mile south-west of Nordley (see p. 293). 


Thickness in feet. 


COMER CR ACERT (<8 188 ore obo dade oe cock pabohor doaebankeBcbsdauceoidsanoacCkocden 3 
Gravel of cormspone pellets ccs ceseec en. ns eee dee enies -sethane ne 1 
Shavp sain dil, fees ge mee eee ceae trey cette Wel ao.ehducaspoeelseeteeeisies 2? 
Gravel, with angular blocks of sandstone, nearly horizontal... 2 


Coarse and fine morainic gravel: the bigger blocks being mostly 
sandstone, calcareous sandstone, and occasional cornstone, 
the finer material mostly calcareous pellets derived from 
cornstones. The false bedding dips steeply southwards .... 7+ 


No far-travelled stones were found in the morainic gravel, but 
in the sand a few small pebbles of slaty rocks, possibly of Welsh 
origin, were noted. The top of the deposit reaches to about 385 
to 390 feet, while the base is about 360 feet O.D. 

The composition of this gravel shows it to be of local origin and 


1 Proce. Worcester Nat. Field-Club, 1914, p. 80. 
2 Not well exposed; but the thicknesses and sequence were obtained from 


the farmer. 
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t, Dean Oorner, Willey Park, near Broseley. 
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is strongly contrasted with the nearest patch of drift, which forms 
a lowridge, east of Houghton, composed of gravel with the typical 
assemblage of northern erratics. The Houghton gravels lie at a 
slightly lower level (namely, about 345 feet O.D.), and are con- 
nected in origin with those near Morville (see below). 


(4) Fluvioglacial gravel!: (a) the Dean and Linley 
Brooks.—These gravels occur near where the present streams 
join the Severn. ‘They lie at about 295 to 320 feet O.D. (that 
is, about 200 feet above the present river), although their height 
above the brooks is by no means so great, on account of the steep 
gradients of the latter. The general agreement in height and, in 
the Linley Brook Valley at any rate, their obvious origin as tor- 
rential flood-gravels confined by the then valley-sides, give some 
idea of the former altitude of the valley-floor in what is now 
the Severn Gorge. The amount of subsequent denudation is 
enormous. 

The gravel, where coarse, contains blocks measuring as much 
as 24 feet in diameter, of more or less local derivation, and 
smaller far-travelled stones, of which Eskdale granites are the 
most easily identified. The finer material is mostly shingle ; but 
there are seams of sharp sand, with the usual coa]-pebbles. The 
whole is false-bedded where well exposed, in the pit a quarter of 
a mile south of Hem. The dip of the false bedding is in the 
opposite direction to the fall of the present valley. 

Immediately north of ‘ The Hollybush,’ on the south side of the 
valley, similar erratic gravel overlies a truly morainic deposit, in 
which the large blocks are mostly of more or less local origin: 
Spirorbis Limestone, coal and ironstone, Ludlow, Old Red, and 
Carboniferous sandstones; but there are also a few granites and 
other igneous erratics. 


(6) The Morville gravels.—The Mor Brook reaches the 
Severn by a deep gorge; but, above Harpswood Bridge, it and its 
tributary, the Tiddle Brook, occupy an open valley. 

The Morville gravels and sands are found here partly as mounds 
(especially just west of Morville Heath), and partly as rough 
terraces at various levels on both sides of the tributary valley that 
runs through Morville. In places they descend almost to the 
bottom of the valley, while their summits rise to about 370 feet O.D. 
near Morville; but a second terrace-like spread, above which low 
mounds rise in places, occurs near Bridgwalton, at a general level 
of about 275 to 290 feet. 

A dominant brown colour and abundance of northern erratics 
characterize the gravels and sands. The best exposure is in a 
gravel-pit, a quarter of a mile north-east of Morville. Here 
a nearly complete sequence can be studied in two adjoining pits. 


1 The term fluvioglacial is here applied to deposits laid down by 


melt-waters away from the actual ice-front. " 
UZ 
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Upper Pit. 
Thickness in feet. 
Coarse, almost unbedded gravel, with seams of brown, fairly 


Saks ost WING Ait, «Sky cr adreone ase Aeedede Ma enoeaONoouTOGOLNS Tope Sconapeda 6 
Lower Pit. 
Coarse gravel, with blocks up to 2 feet in diameter ...... 3 to 4 
Lenticle of sand, with scattered pebbles ..................... 0 to 25 
Hine abhor milddy oraviels.marsesdmaaecarces ceca eee et aeaeeee 13 to 35 


The following boulders were noted :—Pink granite (? Eskdale), 
Seottish grey granite (common), analcite-basalt,! Wenlock and 
Llandovery Limestone, numerous sandstones derived from the Old 
Red Sandstone and probably from the Carboniterous, coal (fairly 
common), ironstone, volcanic grits, ? Uriconian felsite, and chert. 


A rather overgrown pit, alongside the main road, three-quarters 
of a mile north-west of Morville, shows that the deposit is here 
about 40 feet thick, and is, with the exception of a stony wash on 
the top, devoid of gravel. Brown loamy sands and dull brown-red 
sharp sand occur in the upper part; while sharp reddish sand with 
small slate-fragments and shell-ecrumbs can be seen near the base. 
The latter sand resembles those of Buildwas and Cuckoo Oak. 
The shape of the ground suggests that the bank in which the pit 
occurs is the original westward termination. It will be shown in 
the sequel (p. 301) that these sands were probably deposited in 
a lake. 

Tough drift-clay occurs at Morville Heath, where holes got out 
for foundations showed :— 


Red iclay: Setonseatescccnne aace pp orbnce pot Nae ansouean osbudedene 2 to 23 feet. 
Brown clayey sand with erratics, including granites 
and volcamcashes) (2 Wielsin) ees maunienadsenteenerr 6 inches seen. 


If we may judge from the shape of the ground and from other 
considerations to be dealt with later (p. 301), this clay is probably 
a lake-deposit. 


(c) Mad Brook and Lower Worfe Valleys.—Passing 
reference has already been made to gravel and shingle composed 
of erratic material and singularly devoid of Bunter pebbles, which 
can be traced down these two valleys. 'The gravels form, with the 
overlying clay and sands, terrace-like spreads along the flanks 
of the entrenched valleys. Owing to their superior resistance, 
compared with the soft Upper Mottled Sandstone, and to the 
rejuvenation ot the streams, the terraces end in abrupt scarps that: 
are cut up by the little tributary valleys. The deposit is usually 
composed of shingle, of grey slaty fragments, and of gravel 
containing abundant granites (both Scottish and Lake District), 
analcite -basalt,! porphyries, Wrekin felsites and rhyolites, 


1 Fide Mr. T, Robertson, who says that it comes from Ayrshire or Renfrew, 


tent 
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quartzites, coal, ironstone, Llandovery Limestone, and other hard 
stones the origin of which lies in the north or west. The pebbles 
are subangular, and occasionally reach 12 inches in diameter. 
The usual rounded quartzites from the Bunter Pebble-Beds are 
sparingly represented. Seams of sharp reddish-brown sand, con- 
taining fragments of marine shells and abundant pebbles of coal, 
are associated with the gravel. The deposit varies in thickness up 
to about 20 feet, and usually is fairly evenly bedded, considering 
the coarseness of much of the material. 

There is not much evidence to prove whether or no these gravels 
extend under the clays and sands far from the present river; but 
it seems probable that they do not, and that they occupy the 
trench-like bottom of a shallow late-Glacial valley, the direction 
of which nearly coincides with that of the Mad Brook and the 
Worfe. If this be the case, it is probable that the glacial waters, 
at times of flood, tilled the trench, and in this way gradually 
amassed enough gravel to obliterate it. It has been suggested 
above that the sandy clay and sands were deposited more or less 
contemporaneously from the flood-waters that spread beyond the 
actual channel, or that covered the gravels in the channel as the 
amount of water diminished. 

The way in which the surface of the deposits drops consistently 
and evenly from 270 feet O.D. at Brockton to 215 feet at the 
mouth of the Worfe is well brought out by the section (Pl. XXIII, 
fig. 2). This séction also illustrates the effect of rejuvenation in 
the overdeepening of the present valley up to Harrington Hall. 
The Mad-Brook—Lower Worfe Valley was (at the time of the 
formation of the gravels) an important drainage-line, the thalweg 
of which was sufficiently graded for the gravels to be deposited. 


(d) Fluvioglacial terrace-gravels of the Severn 
Valley. 
(1) Gravels at very high levels. 
(a) Knowlesands Gravel. 
(8) Hoards Park Gravel | Hoards Park— 
(y) Hardington Gravel { Hardington Terrace. 
(2) Main Terrace. 


(1) The fluvioglacial gravels, found at very high levels relative 
to the present valley-floor in the Bridgnorth reach, are of peculiar 
composition, which renders their interpretation a matter of 
difficulty. 

(a) The Knowlesands Gravel (fig. 6, p. 292).—A thin, 
practically unbedded gravel caps the hill (260 feet O.D.) at 
Knowlesands. It consists almost exclusively of irregular nodular 
pieces of Spirorbis Limestone, and possibly of ‘Old Red’ corn- 
stones. Occasional blocks of sandstone and a very few Welsh 
erratics (for instance, voleanic ashes from the Berwyn Hills) can 
be found. No northern erratics have been discovered in this gravel, 
although large and small northern boulders occur in the neigh- 
bourhood up to greater heights. 
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It appears possible that this deposit may have been formed under 
the influence of the Welsh ice-sheet, before the advent of the 
north-western ice in this district; and that, although overwhelmed 
by it, the gravel locally escaped destruction. The composition 
of the deposit recalls that of the morainic gravel at Rhodes Farm 
(see p. 287). 

Similar lmestone-gravels have been found at a few other places. 
Of these occurrences, some are dealt with under the headings (3 
and y; but one at a point 100 yards east of Quatford Church may, 
on account of its height, be grouped with the Knowlesands deposit. 
Here, a thickness of some 4 feet of limestone-gravel is seen at about 
235 to 240 feet above O.D. It is overlain by sand, with Bunter 
pebbles, which reaches to 252 feet. There are several small patches 
of sandy Bunter gravel near Quatford and Dudmaston, at corre- 
sponding heights; but there are no openings in them, and I have 
seen no sign of the limestone-gravel. Northern erratics occur 
on their outcrops. 


(6) The Hoards-Park Gravel.—This deposit takes its name 
from a farm about a mile north of Bridgnorth, south of which it 
was well exposed in 1923. Its upper surface is terrace-like, and 
lies at about 250 feet O.D., while its base may be as low as 
225 feet, or possibly less in places. The present Severn thalweg is 
here about 100 feet O.D. 'The following section was made out :— 


Sand-and-gravel-pit, a quarter of a mile south of 
Hoards Park, Bridgnorth. 
Thickness in feet. 
(e) Fine gravel of limestone-fragments, in places decalcified ; 
containing Heliz sp. and bones of toads or frogs ...... 22 to 3 
Obscuredspyaralllen(®) sand nnare erecta nem nies about 3 
(d) Loamy brown sand, with coaly streaks ................0.005 
(c) Brown sand, with a thin seam of loamy laminated ino 13 
silt in the middle, and a seam of clay at the base ..... 
(6) Horizontally-bedded fine gravel, with pebbles, as a rule 
less than 2 inches in diameter, and thin seams of sand 23 
(a) Very sharp and clean, reddish-brown, quartzose sand, 
with thin seams of fine gravel ....:.....cc:escrseonrresee vee 3+ 


The gravels, other than the limestone variety, contain few 
distinctive pebbles; but those collected included one small piece of 
granite, some greenish volcanic rocks, and a fragment of Ercal 
Granite from the Wrekin. Much of the material is markedly 
wind-etched. The limestone-gravel is in places decalcified, and 
in this material I have found some fragments of Helix shells, as 
also two masses of small bones which Mr. M. A. C. Hinton kindly 
identified as those of toads or frogs. The shells and bones may 
both be of recent origin. 

Fairly large pebbles of granite are numerous in the adjoining 
field, but probably do not originate in the gravels just described. 

It is probable that Bridgnorth High Town is built in part on 
sands and gravels belonging to the Hoards-Park deposit; for, 
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although I have been unable to find any exposure, my friend 
Mr. J. A. Benjamin dug down 5 feet near the cricket-ground, and 
obtained reddish sand, with fragments of coal and subangular 
pebbles of Welsh rock-types. 


(vy) The Eardington Sands and Gravels (fig. 6, p. 292 ee 
A somewhat undulating but terrace-shaped area of sands, gravels, 
and clay stretches from Knowlesands to Eardington and beyond, 
reaching a height of 219 feet O.D. at the top of the 100-foot cliff 
that overhangs the Severn. ‘These deposits are separated by a 
vertical height of 40 feet, and by an outcrop of Bunter sandstone, 
from the limestone-gravel of Knowlesands. The following sequence 
can be demonstrated in the cliff and in the railway-cutting :— 


Cliff Coppice, Knowlesands. 


Thickness in feet. 
(c) Reddish sandy boulder-clay, with small northern 
erratics (granites, analcite-basalt). This lies in 
a hollow eroded in (b). It is probably not a 
ground-moraine, but a deposit formed in a tem- 


POLAT sl AKO esate eee regres near 23 to 6 
(b) Coarse, brownish, sharp sand, with a few stones 
and fairly numerous fragments of coal ............ 10 to 15 or 20 


(a) Angular coarse gravel, with nodules of Spirorbis 
Limestone, sandstones of ‘Old Red’ type, cleaved 
Silurian slaty rocks (Denbighshire Flag type), 
chert, dolerite, Uriconian felsites, and fossili- 
ferous limestone. 
No northern erratics. Base at 190 feet O.D.... about 5 


A careful search here was rewarded by the discovery of plentiful 
Welsh erratics, but nothing that can be referred to a northern 
origin. In the overlying clay, however, northern erratics are 
common. 

Near Eardington Village, in a railway-cutting by the level 
crossing, although the gravel is predominantly composed of Welsh 
and local material, occasional northern erratics were found. South 
of the village, at 211 feet O.D., there is a coarse gravel-soil in 
which northern erratics are common. 

There are, thus, near Eardington drifts that seem to be respec- 
tively Welsh, northern, and mixed. ‘In the field’ it is not possible 
to separate, by mapping, the mixed drift near the village from the 
gravels and sands, (a) & (0), of the cliff-section. The question, 
therefore, arises whether (a) & (0b) are really of Welsh origin, and 
antedate the northern boulder-clay by a considerable period of 
time; or, whether by some accident, northern boulders have not 
been incorporated or detected in them. I favour the latter view, 
although the presence of northern elements in the mixed gravels 
can be explained on the supposition that they were introduced at 
the surface from the northern boulder-clay (since eroded away) ; 
or that, when in undisturbed gravel, as in the railway-cutting, the 
northern ingredients are due to the overlap of the Main Terrace 
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(p. 297) on to the Welsh gravels. The two terraces certainly are 
very nearly at the same level here. ; 

IT am inclined to regard the Hoards-Park and Eardington 
Gravels as part of the same deposit, which we may call the 
Hoards-Park—Kardington Terrace. They are related in 
that they are largely composed of local and Welsh material, and 
in having apparently been overwhelmed by the northern ice- 
sheet. At the same time, the presence of occasional northern 
boulders in the gravels suggests that they were laid down during 
the advance of the north-western ice, but before the supply of 
northern erratics was abundant. Their composition stands, for this 
reason, in strong contrast to that of the Main Terrace, which was 
built up from material derived from the moraines of the northern 
sheet. The Hoards-Park—Eardington Gravels may nevertheless 
have drawn their supply of stones (especially the Spirorbis 
Limestone) largely from the deposits of an earlier (Welsh ?) 
glaciation of which the Knowlesands and Rhodes Farm deposits 
may be relics. 


The Main Terrace.—Sand, shingle, and gravel, almost entirely 
composed of far-travelled erratics, and containing a surprisingly 
small number of Bunter pebbles, are found at heights varying 
from 120 to 85 feet above the present flood-plain. They form 
well-developed terraces that can be grouped together as the 
Main Terrace of the Severn. It will be shown in the sequel 
that the lower terraces are of essentially the same composition. 

f The nature of the gravels of the Main Terrace may be illus- 
trated by the following sections :— 


The Grove Gravel-Pit, east side of Bridgnorth Low Town 
(PI. XXII, N). 
Thickness in feet. 


SOLD arse torrente sans rari ae are sta sta sere sae cic spe cre coeds siaren aiuatees 4 
(Caan nel enter Ln aocn te ee ae aseh Gates aas Meaney Cora eR aca omeeED al 
Wrell=beddedtimersanad 4s caaceea sh stenccnecea see nines sac 1 to Iz 
Coarseloravel eee eyes ska Peel ie et ema eat edn ene 4 
Minetsandywathicoal-peb bles} iene seasee esteem rent eres: 13 
‘Hnie | a aime le een. han Ak. neat hss baby oa einee a 12 
Well-stratified coarse gravel, with seams of sand 4 


lower Mottled Sandstone: sisacccienccuccneceueneecie eines 


Both gravels and sand are fairly horizontally-bedded. The 
larger stones are subangular, and range up to a foot or more in 
diameter; while 50 to 60 per cent. of the whole deposit is made up 
of a fine shingle of flat, more or less waterworn, grey slate-pebbles, 
doubtless of Welsh derivation. Maw (op. cit. p. 141) records one 
specimen of Purpura lapillus from these gravels ; but I have only 
seen minute chips of shells. The following erratics were noted 
at the Grove Pit:—Scottish granites (grey), Eskdale granite, 
? eranophyre, mica-schist, analcite-basalt, grits and conglomerates 

1 No longer exposed (1923), the whole being gravel and shingle. 
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(? pre-Cambrian), Uriconian felsite, Caradocian sandstone with 
Trinucleus and Orthis (possibly from Montgomeryshire), slaty 
rocks of the Silurian types met with in the Berwyn Hills 
(common), Llandovery Limestone (common), Wenlock Limestone 
(rare), Carboniferous Limestone and chert, coal, and ironstone. 
Bunter pebbles are rare. 

Between Bridgnorth and Danesford, 250 yards north-east of 
Danesbridge Lodge, there is an overgrown pit in which “the 
material is very coarse, and almost devoid of bedding. The 
following boulders were noted:—Carboniferous and Llandovery 
Limestone, Wrekin rhyolite, granites, slates, analcite-basalt. This 
is the locality w in Pl. XXIII, fig. 1, mentioned below, where the 
gravels descend 20 feet below the normal thalweg-curve. 

At the mouth of the Worfe Valley, and south-east of Apley 
Gates, a sandy clayey wash overlies coarse gravel with a slight 
dip towards the hillside. Wrekin rhyolite, porphyries, granites, 
grits, flint or chert, and coal were noted, but Bunter pebbles are 
very rare or absent, although the gravel lies at the foot of the 
Pebble-Bed escarpment. 

The following section was seen in the gravel-pit in Apley Park, 
north-west of the house :— 

Thickness in feet. 
Reddish-browmn sand pratecwstartadse mee set ete sceneries neear 3 
Medium gravel, stones up to 8 inches in longest diameter... 8 


Coarse boulder-gravel, many stones being from the 
Carboniferous rocks of the district 


North of Apley, in the narrow gorge which the Severn has cut 
in the Coal Measures, only two patches of these gravels are known. 
One near Swinney is more of a mound than a terrace in its present 
shape: it rises almost to 300 feet O.D. from its base at about 
260 feet. The second (just described), a quarter of a mile north- 
west of the mansion of Apley Park, is more terrace-shaped, with 
its upper surface at about 250 feet O.D. and its base at about 
220 feet. 

But, from Apley southwards to Dudmaston, on the Lower 
Bunter Sandstone outcrop, the Main Terrace provides a conspicuous 
feature of the landscape wherever it is preserved. The gravels form 
flat spreads, bounded on their riverward sides by steep scarps. The 
heights of the bases and tops of the gravel-spreads, determined 
from levels on the 6-inch Ordnance maps and by aneroid measure- 
ments, have been plotted on the diagram-section Pl. XXITI, fig. 1. 
The following features will be noted :—The curve BWB' passes 
through the lowest points at which any of these gravels have been 
observed, with the exception of the two spots 2 andy. I am not 
satisfied with the accuracy of the observation at y; but at a, 
north-west of Danesford, the gravels certainly descend 20 feet 
below the curve. This is possibly explicable as an occurrence of 
gravel filling in a deep hole in the old river-bed. The curve B W B’ 


! Derivation kindly suggested by Mr. W. B. R. King, F.G.S. 
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may be termed the ‘thalweg-curve’ of the Severn at the time 
when the Main Terrace was formed. 

In the same figure the thalweg-curve of the gravels of the 
Worte Vale (W W’) is seen to form the natural continuation of 
the curve BW; the part WB’ belongs to the Severn, and is at a 
distinctly steeper gradient than WW’. These features accord 
well with the maturity of the Worfe Vale and the more youthful 
character of the Severn Gorge, in which the gravels are respectively 
located. 

The curve C C' passes through the summit-levels of most of the 
well-marked terraces, and may therefore be regarded as marking 
the approximate level to which aggradation took place when the 
gravels were deposited. But there are indications that locally 
they accumulated to slightly greater heights. 

The line W" W"” is a similar curve, showing the aggradation 
of the fluvioglacial gravels in the Worfe Vale. Though the sub- 
gravel thalwegs in the two valleys are graded to one another, it 
will be noted that aggradation seems to have gone on to a greater 
extent in the Severn Valley (CC') than in the Worfe (W” W"’): 
Nevertheless, it is clear that the gravels of the Worfe and the 
Main Terrace of the Severn represent two parts of a single deposit, 
laid down after erosion had produced a graded condition in both 
valleys, the nature and history of the two being sufficiently unlike 
to account for any difference of gradient or of aggradation 
observed (see p. 305). 

The relation of the Main Terrace to the Hoards-Park—Eard- 
ington Terrace is well shown in the sections ( PIP XXII es 
fig. 6, p. 292). Near Eardington the upper surface of the Main 
Terrace lies above the level of the base of the older gravels; but 
the two are separated by an outcrop of ‘solid rock’ at Cliff Coppice 
(fig. 6) and at Hoards Park. 


River-terraces and alluvium (post-Glacial).—Of the 
same lithological composition, but less conspicuously developed 
than the Main Terrace, is the Upper Danesford Terrace, the 
upper surface of which lies about 15 to 20 feet below the rock- 
platform on which the Main Terrace rests, and about 65 to 70 feet 
above the present alluvium. 

A third, or Lower Danesford Terrace, may be traced in 
Apley Park and south of Bridgnorth, about 80 feet above the 
present alluvium. Corresponding with this is a well-marked 
terrace from Cressage to Sheinton, at a slightly lower level relative 
to the river. The latter occurrence may indicate that, at the date 
of formation, aggradation was going on in the Shropshire Plain, 
as well as in the wider parts of the gorge. 

The alluvium in the Shropshire Plain is wide, in parts of the 
gorge it is absent, and even in the more open valley by Bridgnorth 
it is barely a quarter of a mile across. It lies at a height of about 
10 feet above the low summer-level of the river, though it rises in 
places to heights that can but rarely, if ever, be covered by floods. 
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Opposite the mouths of the small tributaries this is conspicuous. 
Each has, in fact, a diminutive alluvial cone, despite the absence, 
with few exceptions, of any surface-stream in them at the present 
day. These higher parts of the alluvium in places are made of 
sand, which probably descends to below the present flood-deposits. 
If this be the case, aggradation to at least the level of these 
upper alluvia preceded the conditions that now prevail, under 
which practically nothing but silt and mud is accumulating. 


V. An Arrempr to Expiatn THE ForEGoInG DATA. 
(a) Pre-Glacial Topography.’ 


It seems possible to deduce from the data brought forward, that 
in pre-Glacial times the plateau across which the Severn Gorge 
now runs, sloped almost uninterruptedly towards the Mad Brook- 
Worfe Valley, along which lay the principal line of drainage both 
for ice and for water as far south as the latitude of Worfield. 
Hereabouts the drainage turned at first westwards, and then 
southwards along the present Severn Valley. 

Across the site of the present gorge at Iron-Bridge, the plateau 
stretched at a height of about 500 feet O.D., probably sagging to 
a col near Ivon-Bridge at about! 470 feet. This contention is 
based on the occurrence of lake-silts at about 460 feet at Lincoln 
Hill (Pl. XXII, LH) and of boulder-clay at 500 feet O.D. near 
Madeley Wood Colliery (PI. XXIII, M). Both occurrences lie 
on the crest of the steep valley-sides of the gorge (see sections, 
fig. 2, p. 280). 

On the western side of the plateau near Iron-Bridge, Coalbrook- 
dale and other smaller obsequent brooks united near Strethill and 
Buildwas to form a tributary flowing westwards to the ancient 
Severn in the neighbourhood of Shrewsbury. The valleys of these 
streams had been already excavated as deeply as the present 
Coalbrookdale and the Severn Valley in the Buildwas Strath. 

On the site of the Severn Gorge there was probably a small 
tributary of the Worfe, rising on the south-eastern side of the 
Tron-Bridge barrier. It barely notched the surface of the plateau: 
near Apley Park it joined the waters of the Dean and Linley 
Brooks. The valley-bottom here was then at about 300 feet O.D., 
or some 180 feet higher than at present. 

The Coalport Brook, which now takes the water from the 
eastern end of the Lightmoor Gap and from Madeley, did not then 
exist. The drainage of that area lay down the Mad Brook. This 
is indicated by the distribution of the drifts round Cuckoo Oak; 
by the character of the valley of the Coalport Brook, mature above 
and very youthful below Madeley ; and by the very low watershed 
that now separates this stream from the Mad Brook (see p. 288 & 
PENT hes 2): 


1 The term pre-Glacial is used here to refer to the conditions that 
preceded the last Glacial episode in this district. 


= 
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The Worfe and its tributaries now flow at the bottom of a 
trench-like inner valley cut in an open wide vale. The inner 
valley has been excavated through the Glacial and Fluvioglacial 
deposits, and through a varying depth (0 to 100 feet) of Bunter 
Eaicede! We can see from the distribution of the drift that, 
but for this inner overdeepened trench, the general level of the 
ground was not greatly different before its advent, and that the 
configuration was that of a mature drainage-system. 


(6) The Advance of the Ice-Sheet. 


In tracing out the history of the Glacial events in this area we 
aré, I contend, justified by the evidence in assuming the non- 
existence of the Iron- -Bridge Gorge. If this be eranted, it follows, 
as suggested by Lapworth and. by Harmer, that the Irish Sea 
ice-sheet advancing from the north-west must have impounded the 
rivers draining into the Shropshire Plain in a series of lakes, one 
of which occupied the Buildwas Strath and Coalbrookdale; while 
others came into existence near Wellington and Oakengates, and 
Newport (Salop). 

It is doubtful how far we have in the drifts any record of these 
early lakes and their overflows. It may be that the spread of sand 
and gravel at the Lightmoor col, and down the Madeley Court 
valley to Cuckoo Oak and the Mad Brook, was produced by the 
overflow of the Buildwas Lake. The formation of these deposits 
during the advance of the ice is suggested by the fact that they 
are overlain by the boulder-clay. 

The Hoards-Park—Eardington Terrace may have been formed 
during the advance of the north-western ice. Reasons for this view 
have already been given on p. 295. 

The ice advanced into the district probably in part from the 
west, as attested by the abundance of Llandovery Limestone- 
boulders as far north as Brockton in the Mad Brook valley, but in 
part from the north-west or north. In whatever direction it 
came it had to cross the old watersheds athwart its course. In 
many localities, only large erratics remain to testify to its former 
presence. This feature is doubtless the result, primarily, of 
widespread subsequent denudation, but may be in part due to the 
cleanness of the upper ice that alone surmounted the old watersheds. 
Although it is not known for certain how far south the ice-sheet 
extended, the southerly limits laid down by Mackintosh! appear 
to be correct. The ice probably covered all the district under 
description, except the parts of Shirlett Common that exceed 
700 feet in height, and the high ridge south of Morville. 

Northern drift on the top of the high escarpment of the Ludlow 
rocks near Bourton, south-west of Wenleckid is recorded by Maw? 


1 —D. Mackintosh, Q. J.G.S. vol. xxxv (1879) p. 437. 
2 G. Maw, ibid. vol. xx (1864) pp. 132, 189 & D,. Mackintosh, op. swpra cit. 


p. 442. 
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at-700 to 800 feet O.D., and I have seen several granite-boulders 
here at 900 feet O.D. 

The big concentration of boulders at Mose, a mile and a half 
south-east of Quatford, may be terminal in origin. 


(c) The Principle of the Ice-Withdrawal. 


Evidence in the field supports the view which is suggested by 
a prior’ reasoning, that the ice occupying the North Shropshire 
Plain maintained two lobes in this area for a long time after the 
ice-withdrawal began. One lay in the Wenlock-Sheinton-Buildwas 
Valleys; the other, east of the pre-Glacial watershed, occupied the 
drainage-basin of the Worfe (that is, the Worfe and the present 
Severn). As the ice retreated, the V-shaped neck of bare land 
separating these lobes increased; but the two lobes were confluent 
throughout in the north, at the apex of the V. The ice-thrust 
from the north-west kept the Wenlock-Sheinton-Buildwas lobe 
pressed, counter-drainage, against the old watershed as it was 
uncovered. Marginal lakes were formed here. 

East of the watershed, the ice was fed from the north or from 
the north-west over high ground, and the retreat was consequently 
at first more rapid! The melt-waters tended to travel marginally 
between the ice and the bared land, and to find their way into 
pre-existing valleys draining southwards. The overflow-waters of 
the lakes west of the divide were added to the marginal rivers. 


(d) Stages in the Retreat. 


Stages in the retreat of the ice can be traced only in a very 
rough way ; partly by actual marginal deposits, but mostly from 
physiographical considerations based on the distribution of the 
drifts in relation to the topography. However, for the sake of 
clearness in description, I propose to adopt tentatively a number of 
such stages, and I have ventured to indicate them on the map 
(Pl. XXII,’ & fig. 7, p. 8302); but it must be realized that these 
positions are in many instances unmarked by moraines, kames, 
or other marginal deposits upon which one usually relies. 

In perusing the following description, reference should be made 
to fig. 7 (p. 802), in which the various ice-stands, lakes, and glacial 
rivers are sketched in outline. 


Stage I. 


Ice-front. West of the watershed*; unknown, but may have lain 
along the watershed. 
East of the watershed; Barrow, Upper Linley Brook, east of 
Morville, Lower Mor Brook. 


‘ Ice persisted for a very long time in the low ground of the Worfe Vale 
owing to the lowness of the old watershed south-east of Newport. ; 

* [have been assisted in this by valuable criticisms and suggestions made 
by my friend, Mr. E. E. L. Dixon, F.G.S. 

3 See p. 276. 
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Four sub-stages can be distinguished here, and are indicated on 
the map (Pl. XXII). La—tThis is based on the occurrence of a 
valley west of Rhodes Farm, the cutting of which is best explained 
as a marginal phenomenon, before the deeper valley at the Smithies 
(1 mile south-west of Linley) had originated. 

Td involves a re-advance of the ice. At this stage the marginal 
waters from Barrow southwards, passing through the Smithies Col, 
entered a lake in the Upper Mor Brook Valley (fig. 7, p. 802, M). 
The ice itself impounded this by impinging on the high escarp- 
ment on the south of the valley. The sand-and-gravel-mounds 
east of Morville, and the higher terrace-like spreads near the 
village were laid down at this stage (p. 289). Maximum height 
of water=about 370 feet O.D. 

Retreat to Le, by opening lower exits for the water of the lake, 
gave rise to the lower terraces round Morville, and eventually to 
the Bridgwalton sands and gravels (p. 289). The lake now stood 
at about 300 feet O.D. (fig. 7, p. 302, M1). 

In Stage Id, the small ridge of gravel at Houghton, and the 
clays of Morville Heath, p. 290, appear to have been formed, the 
latter in the lake-like depression, north-east of the Bridgwalton 
sands (fig. 7, p. 802, H). The ice-stand Id is necessitated by the 
existence of the small valley from Houghton, past Croft, which 
then took the drainage that at I@ went down the eastern branch 
of the Tiddle Brook. 

The curious distribution of the drainage-lines, and their relation 
to the drifts have been taken into account in localizing the 
different ice-fronts. 


Stage II. 


Ice-front. West of the watershed; probably as in the 1st Stage. 
East of the watershed ; Barrow, line of the Linley Brook, line of the 
Severn Valley to the mouth of the Worfe, from here probably along 
the line of the Severn at first, and later perhaps along the west-to-east 
part of the Worfe. 


The retreat to this position appears to have opened up a pre- 
Glacial valley—the Lower Linley Brook—and thus diverted the 
- marginal flow from the Smithies-Morville valley into the present 
Severn Valley at Apley. The morainic gravels in the Linley Brook 
valley (p. 289) are regarded as dating from this time. 

The Severn Valley, south of the mouth of the Worfe, now 
functioned as an important drainage-line, receiving the marginal 
waters of the eastern ice-lobe through the Linley Brook, and 
perhaps at a later sub-stage through the lowest part of the Worfe. 

Erosion predominated over deposition in the Bridgnorth reach of 
the Severn at this time; but, downstream, the building-up of the 
Main Terrace may have been proceeding, the valley in its lower 
reaches having already been excavated to base-level by the melt- 
waters during the advance and maximum development of the ice- 
sheet. 
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Fig. 7.—Sheleton-map of the Iron-Bridge Gorge and the Worfe 


Vale, showing the ice-stands I to X; the Glacial rivers ; 
and the Glacial lakes at: Mand M1, Morville; H, Mor- 
ville Heath; W, the Wyke; ©, Coalbrookdale at the 
Lightmoor outlet ; C1, OCoalbrookdale at the Iron-Bridge 
outlet; B, Buildwas; L, Lawley ; O1, Oakengates at the 
Mossey Green outlet; 02, Oakengates at the Oakengates 
Col outlet. 
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Stage IIT. 

Ice-front. West of the watershed; east of Wenlock, southern end of 
Benthall Edge, Posenhall Col; impounding a lake [fig. 7, W] (or lakes) 
that may have overflowed by the Posenhall Col. 

Kast of the watershed ; Posenhall Col, line of Dean Brook, Apley, 
line of the Severn to the mouth of the Worfe, line of the Worfe to 
Worfield, 


This line is better marked than Stage II by terminal deposits : 
namely, the gravel-kames on both sides of the Posenhall Col, p. 287 ; 
the Dean Corner morainic gravels, pp. 287, 288. The more 
terrace-like gravels near the mouths ot the Linley and the Dean 
Brooks may also belong here (p. 289). 

The Dean Brook and Severn below its mouth now formed the 
principal line of drainage, with perhaps the Lower Worfe as a small 
feeder. Erosion still predominated in the Severn Valley, and in 
the Worfe Vale as far as it was unbared. It is probable, however, 
that most of the latter was still ice-covered, for the northerly ice- 
thrust over the low watershed near Newport, hindered the recession 
by maintaining the supply of ice in the open vale. 


Stage LY. 


The western and eastern ice-lobes retreated so far as to leave 
bare all the plateau west of the Severn, and much of the high 

round north of Ivon-Bridge. They were still united on the north 
side of the Wrekin Massif. 


Ice-front. West of the watershed; ? line of Wenlock Edge, ? west side 
of Tick Wood and Benthall Edge, west side of the Wrekin Massif. 
Kast of the watershed; the Coalmoor Col, line of the Horsehay 
Brook, Lightmoor, line of the Coalport Brook, line of the Severn from 
Coalport to Apley, Norton, the Echoes Hill Kame (p. 286), Merecot 
(p. 286), and so eastwards. 


West of the watershed the ice impounded a lake or lakes, one of 
which covered Coalbrookdale (fig. 7, C). Its waters first drained 
out at about 450 feet O.D. along the ice-front at Lightmoor, and 
lowered the outlet to about 370 feet by cutting the Lightmoor 
overflow-valley (p. 283). Some of the Strethill-Buildwas Sands 
(p. 277) and of the Lincoln-Hill Silts (p. 281), and possibly some of 
the stoney clay at high levels in Coalbrookdale (p. 284) may have 
been formed in this lake, which we may term Glacial Lake 
Coalbrookdale. The waters from the western edge of the 
eastern lobe, together with a possible overflow from a lakelet in 
the Lawley Valley (fig. 7, L), descended the Horsehay Valley, and 
emptied themselves into the lake. Some of the curious abandoned 
channels south of Horsehay may have been cut at this time along 
the ice-margin (p. 283 & fig. 3, p. 281). 

The overflow at Lightmoor from the Coalbrookdale Lake, 


1 Note the lacustrine clays near Wenlock and Wyke (Pl. XXII, W). 
32 Ge 5. No. 318. ax 
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together with the marginal drainage of the ice-sheet, appears at 
this time to have been carried away by the embryonic Coalport 
Brook into the present Severn Valley. ‘Thus the reach from 
Coalport to Apley may be regarded as having originated as a 
marginal channel, although it is possible that this follows a slight 
pre-Glacial valley. 

If the ice-front was as here suggested, conditions in the Worfe 
Valley were similar to those outlined in Stage III. The Echoes- 
Hill Gravels are regarded as a glacieluvial kame (p. 286). 


Stage V. 

The ice-front was in the same general position as in Stage IV, 
but a slight re-advance had closed the Lightmoor overflow-valley. 

It is necessary to postulate the re-advance and the blocking of 
the Lightmoor overtlow-channel, since only in this way can we 
account for the diversion of the waters of the Coalbrookdale Lake 
from Lightmoor to the present Iron-Bridge Gorge. Ice must have 
occupied the col up to about the 500-foot contour. 

The result of this was the raising of the level of Lake Coal- 
brookdale (fig. 7, p. 802, Cl). The Lincoln-Hill Silts (p. 281) 
were mostly deposited now. Low mounds of clayey gravel (p. 254) 
inside the Lightmoor overflow-channel are regarded as evidence for 
this re-advance. 

It is possible that the re-advance is further demonstrated in the 
valley of the Upper Horsehay Brook, by the abandonment of parts 
of the old course, and by the establishment of the present one as 
a new marginal channel (fig. 3, p. 281). 

Debarred by ice from the Lightmoor Col, the waters of the lake 
escaped over the watershed at about 470 feet O.D., ata point 
where now is the Iron-Bridge Gorge, into what was then a slight 
valley, tributary to the Coalport Brook. The level of the valleys 
where they joined at Coalport must have been a little below 
300 feet O.D.; for the present ‘hanging’ upper part of the 
Coalport Brook valley is at some 820 feet O.D. at Cuckoo Oak. 
Consequently, the waters issuing from Lake Coalbrookdale over 
the Iron-Bridge watershed at 470 feet O.D., had a rapid fall of 
170, or perhaps 200, feet in about a mile. A débacle occurred. 

We must assume the rapid excavation of a gorge. The lowering 
of the outlet at Iron-Bridge soon reached a level below 3865 feet 
O.D., for otherwise the Lightmoor Col (which was at about this 
level) would have acted a second time as the overflow-channel of 
Lake Coalbrookdale so soon as the ice-front had again receded. 
The further lowering of the outlet below 865 feet O.D. was 
effected more or less concurrently with the events to be described 
under Stage VI. I propose, therefore, to defer the description of 
the subsequent development of the gorge at Iron-Bridge, and 
of the lake in Coalbrookdale until later (pp. 806-808). 
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Stage VI. 


The ice-front round the west and north-west sides of the Wrekin 
Massif was muchas in the 5th Stage, but slight withdrawal had 
enlarged the impounded lakes in Coalbrookdale and the Lawley 
Valley (fig. 7, p. 802, O1), and later created a third lake (fig. 7, 
‘O2), eventually confluent with Lake Lawley, at Oakengates. The 
two sub-stages are suggested on the map (Pl. XXII, Via & VIS). 

East of the watershed, the ice-front may have run thus :— 
Oakengates, Malins Lee Station, southwards along the high ground 
between the Mad and the Hem Brooks, line of the Mad Brook, 
and so eastwards. 

In this stage the lake in Coalbrookdale was enlarged to cover 
the Buildwas area, and may be called Glacial Lake Buildwas 
(fig. 7, p. 302, B). Its outflow continued to erode the Iron-Bridge 
Gorge. 

In Sub-Stage VI @ the lake in the Lawley Valley (fig. 7, O1) 
drained out at Mossey Green (Pl. XXII, MG) into the Oldpark 
Brook, at that time the head of the Mad Brook; but in Sub- 
Stage VIO it became confluent with Glacial Lake Oakengates 
(fig. 7,02), which flowed out over the Oakengates Col—also into 
the Mad Brook. South of the col the overflow ran along the 
ice-margin for some distance. Thus was cut the flat-bottomed 
through-valley from the present watershed southwards to beyond 
Malins Lee Station, which is followed by the Madeley Branch of 
the London, Midland, & Scottish Railway. 

The present meagre drainage from the Oakengates watershed 
loses its way near Malins Lee Station among the low mounds 
forming the floor of the valley, from which it escapes by a drain 
to form part of the Hem Brook. But, at this stage, a great river 
flowed southwards into the Mad Brook, the Hem Brook Valley 
being still under a mass of ice which at this point constituted 
the eastern flank of the overflow-channel. 

The Mad Brook and the Lower Worfe thus received the 
marginal drainage of the eastern ice-lobe, together with the over- 
flow waters from Lake Oakengates. At first, renewed erosion took 
place, so that the thalweg of the Worfe and of the Severn (below 
the Worfe) became finally graded (Curve BWW’ in PL XXIII, 
fig. 1). Later the Main Terrace near Bridgnorth (p. 295) and the 
fluvioglacial deposits of the Mad Brook and the Worfe (p. 290) 
were laid down. 

The latter slope gradually southwards at about the same gradient 
as the thalweg upon which they rest. The gravels follow the 
present incised Worfe Valley like a river-terrace; but, when we 
consider the sub-drift surface-configuration, it seems that they 
occupy a former river-channel, in places a quarter of a mile wide, 
and some 20 to 25 feet below the general level of a flat plain. On 
each side of the gravels stretch clays and sands (p. 285), which are 
probably deposits laid down by seasonal floods outside the normal 
channel. The river may have been unusually liable to oo floods, 
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on account of its waters being dammed back at its mouth by the 
accumulation of gravels in the Severn Valley ; for these gravels, 
which now form the Main Terrace, were built up to a level which, 
opposite the mouth of the Worfe, is distinctly higher than that 
attained by the corresponding fluvioglacial gravels of the latter 
(compare CC' with W" W'" in Pl. XXIII, fig. 1). 

The drainage-system outlined above may have persisted for a 


long time. The quantity of gravel down the Mad Brook, the: 


Worfe, and the Severn; the size of the Oakengates overflow-valley ; 
and the absence of any other col that could take the overflow of 
the Oakengates Lake until the ice had bared the watershed at 
the head of the Worfe Valley (see p. 310), all point to this. It is 
probable, however, that, in the later stages of the Oakengates. 
overflow, the Hem Valley and later the Wesley Brook became free 
of ice, and took part at least of the water (Pl. XXII, C & fig. 7). 
We may correlate the gravels at Evelith and Shifnal (p. 286) with 
this condition, noting that they are covered by a wash of clay, im 
the same way as those of the Mad Brook and the Lower Worfe. 

It must be borne in mind that these events in the Worfe Basim 
were progressing concurrently with the excavation of the Iron- 
Bridge Gorge by the outflow from Lake Buildwas. This proceeded 
until a gradient was attained, steeper than in the Worfe Valley 
(compare curve BWB’ with BWW’, Pl. XXIII, fig. 1), but 
sutiiciently low to allow gravels to be formed at Swinney,! in the 
narrow gorge, and from Apley downwards in the wider part. If 
we continue this thalweg-gradient-curve by extrapolation to Iron- 
Bridge, it attains a height of about 300 feet O.D. This is an 
important point, for it gives a clue to the level of the outlet of the 
lake that occupied the Buildwas Valley and later, perhaps, the 
Shropshire Plain. The establishment of a graded condition in 
the river-valley below Iron-Bridge may account for the outlet, and 
with it the lake, having remained at approximately the same: 
height for a long period. 


Glacial Lake Buildwas. 


It has been shown above that the Iron-Bridge overflow origi- 
nated from a small ice-dammed lake that oceupied Coalbrookdale 
(fig. 7, p. 802, C1). Its level at first was about 470 feet O.D. The 
lowering of the outlet at Iron-Bridge governed the surface-level,. 
while the withdrawal of the ice westwards increased the area of 
the lake and the volume of its overflow. The enlarged lake may 
be termed Glacial Lake Buildwas (fig. 7, B). In it were 
laid down partly as marginal, and partly as deltaic deposits, the 
Buildwas and Strethill Sands with their accompanying gravels, 
clays, and silts (p. 277). The sands may have been thrown down 
in the lake by the river which drained the Wenlock Valley when 
the ice stood along Wenlock Edge. ‘Two deep valleys may 


1 These gravels may, however, be marginal deposits formed during St 
or Stage V, pp. 303, 304.. ‘ g Stage IV 


a 


part 2] DEVELOPMENT OF THE SEVERN VALLEY. 307 


mark the positions of this river at slightly different stages in 
the iee-withdrawal: namely, Hunger Dale descending from Tick- 
wood Hall, and the Farley Dingle followed by the Wenlock— 
Buildwas road and railway (see fig. 7, p. 802). The large blocks 
‘of boulder-clay included in the sands at Buildwas Abbey (p. 279) 
may have been dropped from icebergs. It would be interesting to 
‘know whether the boulder-clay recorded by G. Maw at Strethill,! 
hada similar origin. Does the presence of boulder-clay towards 
the middle of the Buildwas Sands, in the two eases, indicate a 
re-advance of the ice, such as we have noted between Stages IV 
and VP 

The present shape of the Buildwas and Strethill sand-mounds 
Is, as originally pointed out by Maw (loe. cit.), the result of 
subsequent denudation; but their highest points rise to about 
300 feet O.D., a height which coincides with the outlet-level at 
Tron-Bridge that can be deduced from the gradient of the Main 
"Terrace. 


Glacial Lake Lapworth. 


My. E. E. L. Dixon has found much evidence in the shape of 
old strand-lines in the Shropshire Plain near Newport (Salop) of an 
extensive lake, the waters of which reached to about 800 feet O.D.2 
He informs me that he found evidence of it from Newport to the 
Severn.” It is probable that this lake stretched across Shropshire 
and into Cheshire. Mr. Dixon (7 /itt.) suggests to me that this 
lake, following the precedent of ‘Glacial Lake Agassiz’, should 
he called Glacial Lake Lapworth, since it was Charles 
Lapworth’s genius that first conceived its existence. Lake 
Lapworth came into being when the lake around Newport was 
united with Lake Buildwas by the withdrawal of the ice-front 
from the foot of the Wrekin massif. 

The lake appears to have had two outlets: one (309 feet O.D.) 
at Gnosall into the Church Eaton Brook,? and so into the Trent; 
the other the Iron-Bridge Gorge, which eventually took the whole 
outflow. 

As the ice-sheet withdrew northwards, an ever-increasing catch- 
ment-basin was liberated to drain into the lake. The increas- 
ing volume of the outflow (probably in combination with re- 
newed uplift of the land relative to the sea) eventually led to 
the deepening of the outlet at Tron-Bridge after the stage of 
apparent equilibrium at 800 feet O.D. that is indicated by. the 
old shore-lines, by the height of the Buildwas Sands, and by the 
deposition of the Main Terrace of the Severn. Lake Lapworth 
would have come to an end when a lower exit for its waters had 
‘been laid bare by the retréat of the ice to the neighbourhood of 
the present coast-line. But, before this occurred, erosion of the 


1Q.J3.G.S8. vol. xx (1864) p. 133. 

2 ®, EB. L. Dixon, ‘Summary of Progress of the Geological Survey for 1920’ 
Mem. Geol. Surv. 1921, p. 20; see also R. W. Pocock, do. for 1922, Mem. 
‘Geol. Surv. 1923, p. 35. 
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outlet at Iron-Bridge must have lowered the level of the lake 
sufficiently to divide it into two, along the present watershed 
between the basins of the Dee and Mersey and that of the Severn. 
The waters must, in fact, have been lower than the lowest point 
on that watershed ; for, otherwise, the lake and with it the Upper 
Severn, would have drained northwards to the Irish Sea, on the 
opening-up of a lower exit along the coast. There is some doubt 
as to the height of the watershed at that time,! owing to possible 
alterations in the drainage that may have occurred subsequently ;. 
but it was probably about 240 feet O.D. at its lowest point. 

Although the evidence lies outside this district, it may be 
reiterated that uplift of the whole region relative to sea-level 
appears to have taken place concurrently with the events just 
outlined. It was this uplift, together with the increasing voluine 
of water entering and escaping from Lake Lapworth, that led to. 
the rejuvenation of the Middle and Lower Severn after the 
deposition of the Main Terrace. That the rejuvenation was. 
propagated irregularly is suggested by the presence of the lower 
river-terraces ; but an explanation of these phenomena cannot be 
attempted from the data in the Bridgnorth district. 

One of the effects of the rejuvenation was the increased activity 
of all the tributaries. This is especially well seen in the case of 
the Coalport or Madeley Brook. This is a typical hanging valley. 
The part above Madeley Market Railway-Station, once occupied 
by the Lightmoor overflow, is wide, flat-bottomed, and alluviun- 
covered; the part below is a steeply falling, V-shaped torrent-valley 
resulting from the rejuvenation. 


VI. THe Lare-Guactan GRAVELS or THE Upper WoRrrFE 
AND THE Tone Brook. 


The story of the further development of the Worte Valley is. 
given in the following pages, in which I have been assisted by 
Mr. E. KE. L. Dixon, B.Se., F.G.S., of H.M. Geological Survey, 
who mapped part of the area officially. I am much indebted to. 
him, not only for collaborating herein, but for helpful suggestions. 
and criticisms in connexion with the whole problem. 

From Ryton northwards to the neighbourhood of the Watling 
Street near Sheriff Hales, the Worfe and its tributary, the Tong 
Brook, follow the outcrop of the Upper Mottled Sandstone. The 
drifts of this stretch are mostly sands, and oceasionally gravels, 
that form a thin sheet over the soft Bunter. Consequently, it is 
extremely difficult to distinguish the boundaries of the drift. 
South of Lizard Hill the only outerop of boulder-clay that could 
be mapped was found at Hatton Grange, although smaller patches. 
were noted near Stanton, which were too intimately mixed up with 
the sands and gravels to be mapped separately. The clay is there 
so sandy that, when ploughed, it produces a loose sand-soil. It is. 
possible that some of the ground regarded either as sandy drift or 


''R. W. Pocock, ‘Summary of Progress of the Geological Survey for 
1922” Mem. Geol. Surv. 1923, p. 35. 
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as Upper Mottled Sandstone may have had a thin spread of un- 
bedded sandy clay upon it. 

It is, however, clear that the sandy and gravelly drift is some- 
what later in origin than the boulder-clay. This relationship can 
be deduced from the way in which the boulder-clay west of Lizard 
Hill is cut through by the gravels, and also, to some extent, from 
the sections in Monk’s Wood, south of Stanton (Pl. XXII, K). 
In these old quarries the mingling of gravel and boulder-clay is 
so intimate that a marked break in time between them seems 
uuprobable. 

The drifts of the Upper Worfe Basin are essentially composed 
of Triassic débris—sand and pebbles from the Bunter Pebble- 
Beds. In places, however, there are scattered on the surface fairly 
numerous large Scottish granite-boulders, and also a few felsites 
that may have had a Welsh origin. The gravels contain remark- 
ably few erraties, in contrast with those of the Mad Brook and the 
Lower Worfe. It is obvious that they were deposited by waters 
draining an area in which erratic material was more sparsely 
distributed and of a different composition. South of the junction 
of the Mad Brook with the Worfe I have not been able to recognize 
this Bunter Drift as a specifically distinet formation, although 
there are indications at Ryton and north of Worfield of a terrace 
in which Bunter material is conspicuous, at a slightly lower level 
than the main fluvioglacial gravels.1 

It will be seen from the map (PI. XXIT) and section (Pl. XXTU, 
fig. 2) that the drifts have a wide outcrop, across which the 
Worfe and the Tong Brook flow in narrow incised inner valleys. 
The longitudinal section brings out the steady drop of the sheet 
as a whole, from north to south; but nearer inspection seems to 
show that the sheet is composed of a series of fans and valley- 
trains, the earlier formed and southernmost being in part cut 
through by later more northerly fans and valley-trains. 

I-am indebted for this conception and for much information 
about the upper part of this complex outwash-fan to Mr. Dixon, 
who mapped the northern part of it. In his opinion, these sands 
and gravels were deposited from a retreating ice-front aligned 
roughly east and west. There were pauses in the retreat, during 
which the ice-front remained stationary or even advanced shghtly. 
In the pauses, outwash-fans accumulated at the mouths of the 
sub-glacial streams, while, lower down the valley, the issuing 
waters deposited valley-trains, and tended to remove parts of the 
previously formed fans and trains. On the map (PI. XXIT) the 
general spread of gravel and sand has been subdivided into a 
possible series of outwash-fans and trains, referable to four reces- 
sional positions of the ice-front? (Pl. XXII, vii-x). 


1 These gravels are shown in Pl. XXIII, fig. 2, although no reference is 
made to them in the explanation of that figure. 

2 Near Newport, Mr. Dixon has found that outwash-fans are well developed, 
and give evidence of three later positions of the ice-front. At the southern- 
most of these the alignment has changed to east-north-east and west-south- 
west, while northwards the swinging-round has continued to a north-north- 
easterly and south-south-westerly trend, op. cit. p. 20. 
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If Mr. Dixon’s views be correct, as | myself believe them to be, 
the following features would be accounted for :— 


(a) The sands and gravels, taken as a whole, form a deposit that slopes 
fairly uniformly down stream, and in this resemble a fluviatile 
deposit ; but, in detail, parts of the deposits rise to considerable 
heights above adjoining portions. 

(b) The intimate relations of boulder-clay, sand and gravel, and solid 
Bunter, seen in the Monk’s Wood sections, might be due to the 
outwash-material following immediately on the laying-bare of the 
eround-moraine, with possible complications caused by the re- 
advance of the ice. 

(c) The thin sheet of sandy and sometimes clayey material, so difficult 
to map, west, north-west, and north of Hatton Grange, might 
represent the outwash material away from the principal water- 
courses, and so correspond in origin to the sand and clays farther 
south (see pp. 285 & 286). 

(d) The large spread of gravel west of Lizard Hill, the elevated ridge of 
coarse gravel south of the Inn on Crackley Bank, and the con- 
spicuous fan of gravel west of Gorsey Bank, all lie in positions 
that are alone explicable on the hypothesis of their deposition at 
the actual ice-front, 


There is no evidence of any considerable overflow having occurred 
across the col at the head of the Worfe Valley, after the ice-front 
had withdrawn to the north of the watershed. The col is indicated 
on the map (Pl. XXII) by the letters GB (Gorsey Bank). Its 
height is about 350 feet O.D. (see EH. E. L. Dixon, op. e7t. p. 19). 

Later waters (post-Glacial ?) that descended the valleys of the 
Worfe and the Tong Brook, not only cut into, but re-sorted the 


material of the outwash fans. As a record of this, we find a’ 


series of tiny patches of gravel fringing the riverward edges of the 
sheet, and behaving like remnants of a fluviatile terrace. Such 
patches are shown black in Pl. XXII, and are well developed: near 
Cosford. Being concentrates from the other drift, they contain 
rather more erratics than the other gravels of this valley, and thus 
more closely resemble the ‘erratic’ gravels of the Lower Worfe. 

It follows, if the above views be correct, that the sands and 
gravels of the Upper Worfe and the Tong Brook belong to a late 
stage in the Glacial retreat, but to one before the ice-front had 
actually receded to the north of the main watershed. 

Unfortunately, we have no means of determining the exact 
relations of the retreat-positions VII-X in the Upper Worfe 
Valley with the earlier positions near Ivon-Bridge; but it is clear 
that the Iron-Bridge overflow preceded, by a long time, the with- 
drawal of the ice across the watershed at the head of the Worfe. 
It was not until this had occurred that Glacial Lake Newport 
came into being. So it is evident that these outwash gravels must 
antedate by a long time the period at which the union of that lake 
with Glacial Lake Buildwas produced Glacial Lake Lapworth. 

We see now the reason why the low part of the old watershed 
near Newport could not be brought into commission as the per- 
manent overflow-line for the Upper Severn ; for the Iron-Bridge 
Gorge was already acting for this purpose, and had by now reached 
a lower level than the lowest col at the head of the Worfe. 


a 
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VII. Conciusion. 


In conelusion, I would like again to record my indebtedness to 
Mr. E. E. L. Dixon for his friendly eriticism, advice, and infectious 
enthusiasm, and to Mr. T. Robertson, Mr. R. W. Pocock, Prof. 
W.S. Belton, my aS and numerous other friends, who by 
critical discussion or by help in the field have assisted in elucidating 
the history of the Tron- Bridge Gorge and the Worfe Valley. The 
intricate nature of the problem far “exceeds the expectations which 
I formed in 1914, and I fully realize that parts of the record 
deserve further attention, and may be modified by subsequent 
work. Especially is this so in the Worfe Valley, where the 
relation of the gravels to the other drifts is capable of other 
interpretations than those offered here. Nevertheless, the origin 
and growth of the lron-Bridge Gorge, through a varied series “as 
marginal phenomena related to the last Glacial episode of the 
Midlands, appear to be firmly established. Thus the broad genera- 
lizations of Lapworth and Harmer are shown to be correct; 
although it will be agreed that the complexity of the story exceeds 
anything that is suggested in their writings. 

At some subsequent date, I hope to show in a continuation of 
this paper, how the connexion of the Main Terrace of the Severn 
with the melting of the Irish-Sea Glacier elucidates the history of 
the Lower Severn, and may help us to date and correlate events 
that are recorded in the gravels of other rivers. 


EXPLANATION OF PLATES XXII & XXIII. 


Prats XXII. 


‘Geological map of the Iron-Bridge Gorge and the Worfe Valley, on the scale 
of 1 inch to the mile, or 1: 63,360. B=Barrow Col, 630 feet O.D. ; 
C=Coalmoor Col, 632 feet O.D.; D—=Dean Corner morainic gravels ; 
E=H#choes Hill; G=Grindle Gravels; GB=Gorsey Bank Col, 350 feet 
O.D.; H=Gravel-pit three-quarters of a mile south of Beckbury ; K= 
Monk’s Wood, south of Stanton ; L=Lightmoor Col, 365 feet O.D.; LH= 
Lincoln-Hill Silts; M=Madeley Wood; MG=Mossey Green; N='The 
Grove gravel-pit, Bridgnorth ; O=Oakengates Col, 470 feet O.D.; P= 
Posenhall Col, 595 feet O.D.; Q=Strethill; S=Smithies Col, 352 feet 
O.D.; W=The Wyke; X=Gravelly clay in Lightmoor Col; YY =Gravelly 
clay around Coalbrookdale. 


PuatTse XXIII, 


Fig. 1. Longitudinal section along the Severn Valley. 
2. Longitudinal section along the Worfe and the Mad Brook. 


{ Both sections are on the horizontal scale of 1 inch to the mile (1: 63,360) 
and on the vertical scale of 1 inch to 100 feet (1: 1200). They show the 
relation of the drifts to the present and past thalwegs. | 
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Discussion. 


The Secretary read the following communication, received 


from Mr. E. E. L. Drxon :— 


‘Having had the pleasure of going over much of the ground with the 
Author, and the privilege of reading his results and conclusions, I should be 
glad to be allowed to contribute to the discussion. 

‘In my opinion, he has completely confirmed the truth of the explanation 
of the TIron-Bridge Gorge, suggested, independently one of the other, by 
Lapworth, Kendall,and Harmer. But he has done much more: he has shown 
that the initiation of the gorge was part of a continuous story, an incident, in 
fact, in the retreat of the Irish-Sea ice-sheet from the Midlands. By means 
of that feature and others impressed on the topography, and by means of the 
Glacial deposits, he has traced the retreat from the presumed front of greatest 
extension, pause by pause, back to the Wrekin. 

“We may be sure, now, that we know from the Author’s work the general 
lines of the retreat. Being aware of his intimate acquaintance with the ground, 
T would venture to suggest alternatives in only one or two matters of detail. 
He is confident that the pre-Glacial Worfe drained westwards at its present 
mouth into the Severn. Consequently, there is no need to suppose that this 
outlet from the Worfe Basin to the Severn is a marginal channel cut while 
the ice-sheet still lingered in the eastern part of the basin, and closed the low 
outlet by the Claverley Brook to the Stour. But the sharp bend to the 
south-west of the Worfe near its mouth, parallel to a notch in the Bunter 
ridge at Pendlestone Rock close by, suggests that at one stage the ice-margin 
ran in this direction hereabouts. That is, after Stage II, while still lying 
along the north-and-south Bridgnorth reach of the Severn, as in Stage II, it. 
left the Severn north-eastwards at the Worfe confluence. Its further course 
at this period may have been along a tributary of the Worfe, in line with the 
south-westerly bend, and on to Merecot and the marginal position, evidence of 
which is furnisbed by the Echoes-Hill gravels. 

‘T would also ask the Author whether the undoubted difficulty in supposing 
that the Oakengates overflow drained down the Mad Brook may be removed 
by supposing that the ice-front in the earlier part of Stage VI lay across the 

' Mad Brook and along the Coalport Brook to the Severn. (The latter brook 
may have functioned also at Stage IV.) 

‘ The successive positions of the ice-front undoubtedly show the influence 
of two ice-streams in the Irish-Sea ice-sheet, the one pouring from the west 
over the high plateau between the Wrekin and Wenlock Edge, and the other, 
in much greater volume, from the north across the lower watershed east of 
the Wrekin. The latter stream pressed westwards, as well as southwards, 
where clear of the watershed, and confined the marginal drainage within the: 
ground rising westward towards the Wrekin and the Barrow-Broseley plateau. 
In this tendency of the ice-sheet at the various stages of its retreat to rest 
with its front up against rising ground, it has behaved like the retreating 
Scottish ice in the Carlisle district. . 

‘The observations made by the Author in connexion with the rejuvenation 
of the Severn and the cutting of the lake-outlet below the 300-foot level 
appear to point to isostatic adjustment. It will be important, therefore, to 
ascertain whether the strand-line shows warping when traced northwards. 
The Author, by his painstaking study of a large area and his careful separa- 


tion of inference from observation, has laid a firm foundation for future 
work.’ 


Prof. W. W. Wars desired to congratulate the Author on the 
completion of a very difficult investigation, and to compliment him 
on the skill with which he had presented the evidence for the 


solution of so many complicated problems to the Society. The 
speaker had been much interested in the Severn Gorge since hearing 
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the late Prof. Charles Lapworth put out his beautiful theory, 
rather as a suggestion for work by other geologists than as a 
completed study; but, as was usual with that geologist, with more 
evidence in his mind than he thought necessary to reveal. Conse- 
quently, the speaker had given some attention to the superficial 
geology of the Gorge region when assisting students to map part 
of the ground mainly in relation to its ‘solid geology ’. 

The ‘ Buildwas Sands and Gravels’, with local, northern, and 
probably Welsh erratics, spreading up the valley to Shrewsbury 
and beyond, and over much ground towards Church Stretton, 
certainly suggest the existence of a Glacial lake held up by the 
unpierced bar of Benthall Edge—Lincoln Hill. But this deposit 
rests on the existing topography: its base is not shown at 
150 feet O.D. at Buildwas Station, and a record probably still exists. 
ot a considerable sinking into it below this level. It is at 200 feet 
O.D. at Buildwas Abbey, 800 at Strethill gravel-pit, and con- 
siderably higher to the west of it, at over 300 feet along the 
Wenlock railway in Farley Dingle, while apparently similar material 
was discovered in Benthall churchyard at over 600 feet, and it was 
described by Maw at Ryden Hill (probably the knoll half-way 
between Benthall Hall and Wyke) at 600 feet and over. The 
dissection of the country immediately above the entrance of the 
Gorge, and, above all, the production of the scarp of Benthall Edge 
and Lincoln Hill are evidently related to the levels inside the Gorge ; 
yet the gravel rests on that topography. The speaker could not 
understand how this topography could be produced at the head- 
waters of such slack streams as would be caused by the slight 
difference in level of the apparent base of the gravel at Buildwas. 
and that at the embouchure of the Dee below Llangollen. I'urther, 
the 35 species of marine shells determined for Maw by Gwyn 
Jeffreys, several of which seem to have been quite perfect, need 
some explanation, even though the chief locality is inaccessible and 
the collection seems to have been lost. These two difficulties were 
not dealt with in the Author’s abstract, nor had they been alluded 
to in his presentation of his case, and the speaker ventured to hope 
that they would receive some consideration in the Author's reply. 

Mr. R. W. Pocock suggested that the deep erosion of the 
Buildwas area was effected during the advance of the ice. The 
confluence of the Welsh and Irish-Sea ice along the line Elles- 
mere—Baschureh—Wrekin would have produced great pressure in 
the angle between the Wrekin and Wenlock Edge, and would 
have scoured out the soft Wenlock Shales in overriding the high 
ground on the east. 

He remarked on the coincidence in the levels of the Buildwas 
and Newport lakes; he thought that they were but inlets of a 
large lake covering the North Shropshire Plain, as he had traced 
the strand-line at the 300-foot level, just described by Mr. EK. KE. 
L. Dixon, over much of that area. The lake was probably held 
up on the north, not by ice, but by the morainic belt extending 
from Oswestry through Whitchurch to Market Drayton, and 
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it would have persisted long after the retreat of the ice from the 
district. 

Mr. 'T. H. Warrengeap remarked that, as noted by Harmer, it 
was essential that any theory of the origin of the Iron-Bridge 
Gorge by overflow should take account of the blocking by ice of 
the outlets over the lower parts of the watershed near Newport. 
In this connexion, the evidence adduced by the Author & Mr. 
Dixon for the persistence of the ice-front in the Upper Worte 

Valley until after the Iron-Bridge gap had become established was 
of importance. The speaker drew attention to the deposits of sand 
lying on the northern slopes of the watershed from Ketley to 
Wormbr idge, at heights up to about 350 feet O.D. These were 
perhaps laid down ina marginal channel between the ice-front and 
the rising ground on the south. That the ice-front at the time of 
their dey sosition was not far away, and that advances of it took 
place Sbeeauaniing is suggested by the fact that these sands are 
in several places overlain by boulder-clay 

The Avurior, in reply to Prof. Watts, pointed out that the pre- 
Glacial Dee Valley was at present buried deeply in drift; and that 
possibly this fact would remove Prof. Wattis’s difficulty about the 
gradient from Buildwas to the former confluence with the Dee. 
Personally, he had never found more than chips of marine shells, 
though such were present in all the sands of the district. He 
had regarded them as boulders. 

Referring to the remarks made by Mr. Pocock and Mr. White- 
head, he pointed out that the occupation of the Newport Col by 
ice at a late stage in the retreat seemed firmly established; and 
that, in any case, there was no good evidence that it had acted as 
an overflow-channel from Lake Newport. At one time, this lake 
drained into the Trent at 309 feet O.D. near Gnosall, whereas the 
Newport Col rises to about 350 feet O.D. 
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12. The Grotoay of the Norrusry Borpur of Dawrmoor 
between Wuipvon Down and Buyrrerpox Down. By 
CHARLES Witntam Osman, M.Inst.C.E., F.G.S. (Read 
December 5th, 1923.) 
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I. Iyrropucrion: 


Iy this paper the Lower Carboniferous formation bordering the- 
granite of Dartmoor for a length of about 44 miles, between. 
Whiddon Down on the west and Butterdon Down towards the 
east, are the only stratified rocks dealt with; but the nature of, and 
variations found in, the granite south of the Carboniferous rocks 
are also considered. The area examined includes part of the deep 
gorge of the River Teign, known as Finegle Glen, between 
Hunter's Tor and about a mile east of Fingle Bridge, or rather 
more than two-thirds of the length of the gorge. 

The area described is covered by the 6-inch Ordnance Survey 
quarter-sheets of Devon:—LXXVII, S.E.; LXXVIII, S.W..:. 
LXXVIII, S.E.; XC, N.W.; and XC, N.E. Of these quarter- 
sheets only the whole of LXXVIII, 8S.W. is covered; but portions. 
of the other sheets are required to describe the area in a com- 
prehensive manner. 


LI. BrevioGRraruy. 


Comparatively little appears to have been written concerning 
the precise area discussed in this paper, but references to portions 
may be found in the works enumerated below. 
The references to these publications will be given in the text by 
the numerals in parentheses in the following list set against the 
respective papers. 
(1) 1839. Sir Honey T. pe tA Becue. ‘ Report on the Geology of 
Cornwall, Devon, & West Somerset’ pp. 118, 122. 

(2) 1867. G.W.OpnmeERop. ‘Notes on the Geology of the Upper Teign 
& its Feeders’ Q.J.G.S. vol. xxiii, pp. 418, 424, 425. 

(3) 1867. G. W. OrmeRop. ‘Carboniferous Beds adjoining the Northern 
Edge of Dartmoor’ Trans. Devon Assoe. vol. ii, p. 124. 

(4) 1888. W.A.E.UssHEerR. ‘ Granite of Dartmoor’ Trans. Devon Assoc. 
vol. xx, pp. 141 & 149. 

(5) 1894. C. A. McManon. ‘Notes on Trachytes, Metamorphosed Tufts 
& other Rocks, on the Western Flank of Dartmoor’ Q. J.G.5.. 
vol, 1, p. 338, 
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(6) 1902. R.H. Worru. ‘ The Petrography of Dartmoor & its Borders : 
Part I’ Trans. Devon Assoc. vol. xxxiv, p. 496. 
(7) 1906. A.W. Cuayprmn. ‘The History of Devonshire Scenery ’ p. 43. 
(8) 1912. ‘The Geology of Dartmoor’ Mem. Geol. Surv. (Sheet 338) 
pp. 35, 39, & 46, 
(9) 1918. ‘The Geology of the Country around Newton Abbot ’ Mem. Geol. 
Sury. (Sheet 339) p. 104. 
(10) 1919. R. H. WorrH. ‘The Geology of the Meldon Valley near 
Okehampton, on the Northern Verge of Dartmoor’ Q.J.G.5. 
vol. lxxv, pp. 77 & 89. 


Ill. Tue SrRatiriep Rocks. 


In the area dealt with, the Lower Carboniferous, or Culm 
Measures, may, as found by Mr. R. H. Worth (10) in the granite- 
border south-west of Okehampton, be divided into two groups: 
the Lower Aluminous Series and the overlying Calcareous Series. 
Both these series of rocks have been affected by contact-meta- 
morphism from the granite. 


The Lower Aluminous Series in this district can be divided into. 


zones: the lower zone characterized by the occurrence of much 
segregated or disseminated iron-pyrites, and the upper zone in which 
chiastolite is found. 

The Lower Aluminous Series passes upwards by gradual change, 
and without any physical feature, from black slates into brown 
shales of the Calcareous Series, in which occur impure limestones. 
These limestones are confined to an area east of Whiddon Down 
(1); and another area characterized by black limestones, from halt- 
a-mile east of Drewsteignton Village to about a mile away to the 
west. The top of the Calcareous Series is well defined by a steep 
northern slope (or escarpment) due to its greater resistance to 


weathering, overlooking the Middle Carboniferous, or Upper 


Aluminous Series ; made as these latter rocks extend eon some con- 
siderable distance northwards, it would be beyond the scope of a 
single paper to deal with them, although their southern margin is,, 
in places, well within the metamorphic aureole of the granite. 


TV. THe Grantres anv lanzovus Rocks. 


The granite area south of the Carboniferous rocks, although 
dives “trom ane same magma, is varied, and constitutes thie 


(i) The Be Nahe granite G.—This granite, which was 
the main intrusion of the district, consists of large orthoclase- 
phenocrysts, closely packed together, with evident flow- structure, 
in a small amount of coarse ground- mass. 

(ii) Secondary intrusions and dyke-granite, G@1— 
After the main country-rock granite had consolidated, but was still 
hot, a further movement beottred which broke up the original 
granite G, and into the joints and spaces thus made, a newer granite 
rose, forming dykes and irregularly shaped areas, which appear to 
overlie the country- -rock granite G. Its phenocrysts of orthoclase 
are fewer and smaller, while the ground-mass which forms the 
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greater proportion of the rock is finer, and contains frequently less 
orthoclase than plagioclase. 

Qu) The fine-grained granite @2.—Further movement 
was followed by the i incoming of a still finer granite, which usually 
occurs in veins, sills, and smnall dy kes, locally ealled, incorrectly, 
elvans. But also on the north- west, Souths and east of Cranbrook 

Castle Camp, as far as Butterdon Down, this granite made a con- 
siderable marginal intrusion, faulting and litting up the Culm 
rocks and overlying the previous g granites. 

(iv) Other igneous rocks. —A thick bed of cherty ash, and 
leucocratic rock- brecei ia, with the characteristics of a keratophyre, 
occurs in the Calcareous Series of the Lower Culm at East Under- 
down Farm, and is seen in the well by the roadside. 


V. Fretp RELATIONS. 


Near Whiddon Down no exposure of the Lower Aluminous 
Series occurs, and the junction with the granite is not seen, owing 
to the accumulation of marshy wash (4); but this can be approxi- 
mately fixed by the steeper slopes of the Aluminous Series. A 
httle more than a quarter of a mile scuth-east of Whiddon Down 
are two ancient quarries known as Mill and Hobhouse Quarries ; 
they are thickly overgrown with trees through long disuse, and are 
both in the Calcareous Series. They are considered to have been 
commenced over 2U0 years ago, and were worked for lime which was 
mainly used for the land. Both quarries are very large, and show 
the same features, so a description of Mill Quarry will suffice (as 
being the clearest). This is about 400 feet long by 150 feet in 
width, and more than 80 feet deep. ‘Trees, shrubs, and talus hide 
most of the quarry; but an adit driven through the south-western 
side keeps it drained and accessible, and some good exposures can 
be seen. The rocks are greatly disturbed; the southern side and 
middle show dips of 75° down to N. 200° E.; while in the northern 
half the same rocks dip to N. 45° E. between 30° and 40°; the 
general trend of the junction being N. 104° KE. This is a case of 
underthrusting and uprearing, due to the Calcareous Series slipping 
up the syncline on the Aluminous Series below. ‘The most abun- 
dant rock is a crushed black shale, in which are many bands from 
6 inches to 2 feet thick, of impure grey and brown limestones, 
sandy layers, and chert-bands up to 8 or 10 inches in thickness. 

The junction of the upper surface of the Caleareous Series with 
the Upper Aluminous Series runs in a general south-easterly 
direction from Whiddon Down to Hobhouse Farm buildings ; but, 
about 100 yards beyond this farm, it is cut by a fault. The 
uplift is on the south-east side, and, as can be seen in the quarry on 
the Exeter road, a large amount af fault-breccia has been made. 
Through this and the minor slips pneumatolysis has been very 
active, so that the Lower Carboniferous rocks are locally very 
different from those on the north-western side of the fault, 
described in Mill Quarry. 

Q. J.G.S. No. 318. x 
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The Calcareous Series can be well seen in two quarries on the 
top of Natton Hill, about 330 yards south-east of Natton Hole 
Farm. All the rocks are green or greenish-grey, and their bedding 
and general aspect are similar to those observed in the rocks at 
Mill and Hobhouse Quarries, but their condition is very different. 
The cherts and fine shales are here cale-flintas, and the poor lime- 
stones axinite-pyroxene-schists. 

Between Silkhouse Farm and Parford two parallel faults, well 
indicated by the Ordnance-map contours, have brought the granite 
higher up than on either side; and between them the Lower 
Aluminous and Caleareous Series have been flattened, so that they 
show broader outcrops than in the north-west. There are no 
quarries between the two faults, but several road-surface and side- 
cutting sections can be seen. East of these faults the Lower Culm 
outerop rapidly widens out, with much flattening of the true dip ; 
but the compression-jointing becomes more acute, and this sharp- 
angled jointing continues to beyond Cranbrook Castle Camp. 

Outside the bend in the Chagford-Drewsteignton road, a little 
over a quarter of a mile east of Parford, Coombe Farm Quarries are 
situated. The two southernmost (Nos. 1 & 2) show G1 granite 
only; but the two on the north-east show the Lower Aluminous 
Series. In the lower quarry (No. 3) an excellent junction of the 
Cul with the granite can be seen. At a little less than 660 yards 
away to the north, along the Drewsteignton road, is the large 
Wisedom Farm Quarry, partly in the chiastolite-zone of the 
Aluminous Series. The chiastolite is confined to certain bands ; 
but the whole of the rock is so broken up that these cannot be 
traced on the quarry-face. Chiastolite, is, however, more easily 
found at the northern end. With these bands are associated 
hornfelses and quartzites. Also, many pneumatolytie quartz- 
tourmaline-veins occur. 


The deep, narrow gorge of the River Teign, generally known as 
Fingle Glen, is a remarkable piece of Nature’s handiwork. The 
whole of the northern slope, as far as the eastern end of the map 
(p. 317), is in the pyrites-zone of the Lower Aluminous Series: 
also, the southern slope is mostly formed in the same beds; but 
they are not continuous throughout, being broken by an outcrop of 
G 2 fine granite. ‘The rocks of the Lower Aluminous Series have 
been intensely hardened and metamorphosed; they are much 
faulted, and show compression-jointing varying from 10° to 50° on 
the bed-joints. The Culm is veined by the granite: the largest 
vein, about 80 yards from the west side of Sharp Tor Rocks, is 
some 30 feet wide at the bottom on the north side of the gorge. 
This bifurcates at about the level of the 600-foot contour. 

The G1 granite-dyke of Hunter’s Tor continues across the 
River Teign into the Lower Whiddon Deer Park, and forms a 
buttress to hold up the Culm on the steep slope above the Forder 
Brook ; and, generally speaking, the whole of the area from the 
south of Fingle Glen to the south of Cranbrook Castle is much 
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complicated by faults, as also by the large intrusion of fine-grained 
granite G2. The first of these faults is that which runs in a 
north-easterly direction from near Forder to the west side of Sharp 
Tor Rocks in Fingle Glen. The second fault is parallel to the 
above, and runs from Uppacott, by the flank of Prestonbury 
Common, to about 400 feet east of Burrough Farm. hese faults 
shift the dyke south-westwards for a short distance in Whiddon 
Park and at Uppacott. Small slip-faults terminate these diversions 
with numerous springs, while the dyke continues in its original 
south-easterly direction, and can be seen in the bend of the road 
at Linscott Cottages, at the southern margin of the map (p. 317). 
On both sides of the Teign, from Coombe Farm Quarry to the 
Sharp Tor- Forder Fault, the north-east side of the great dyke abuts 
ou the Lower Aluminous Series of the Carboniferous rocks; and 
there can only be a very short length (if any) of granite in the bed 
of the Teign itself, north-east of the crossing of this dyke at 
Hunter’s Tor. The bed of the river and its banks are so cumbered 
with large blocks from the dyke that it is impossible to see exactly 
of what it is composed, and a quarry immediately above the river- 
bank in Whiddon Park, opposite the first island, is in the Lower 
Aluminous Series. South-east of the Sharp Tor Fault in Whiddon 
Wood the top of the slope, both inside and outside of the Deer 
Park, as far up as the 900-foot contour, is G1 granite similar to 
the dyke; but very soon the Lower Aluminous Series again comes 
on against the dyke. This continues to the fault south-east of 
Uppacott, where country-rock granite G once more appears for a 
short distance, and is overlain by the fine granite G2 against the 
G1 dyke south-east of Linscott: this is in turn overlain by the 
Lower Aluminous Series south of Cranbrook Castle Quarry. 


Let us return to Fingle Glen. It has been mentioned that the 
south side does not show a continuous section of the Lower 
Aluminous Series, as Ormerod (2) states; but a considerable area 
in Whiddon Wood is fine-grained granite G2. Not only is this 
the case, but also the river-bed below Sharp Tor Rocks is in the 
same granite, and this can be seen to underlie these rocks nearly 
up to the 500-foot contour on the north side. On the south side 
this granite can be followed through Whiddon and Hannicombe 
Woods as far as Uppacott Down; and, as the slope of the gorge 
is ascended, the outerop of fine granite widens to over half a mile 
on the Down above. ‘The whole of this area is covered with more 
or less rounded blocks of G2 granite, until the edge of the Culm 
is met north-west of Cranbrook Castle Camp. It is rather 
surprising that this fine granite has not been noticed before, 
especially as the quantity of large stones weathered out of the 
exposure has been amply sufficient to provide the bulk of the 
granite roadside and field-walls from Linscott on the north and 
east. including the main length of Whiddon Deer Park north- 
eastern wall; and above this, the clearing of the land has necessitated 
the piling up of huge heaps in field corners, and a ridge 200 feet 
long near Whiddon Deer Park wall. . 
Be 
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The junction of the Lower Aluminous with the Calcareous Series 
probably extends from Bowden Farm to south of Cross Farm, 
thence to the north of Shute Down Coppice, and along the north 
side of Cross Farm Brook to its confluence with the Silkhouse 
Stream. 

In the lane east of Drewsteignton Church, leading to the fields, 
the black limestone crops up at several places in bands in brown 
shales ; and in the large square field between the lane and the road 
to Fingle Glen, the limestone terminates abruptly at a marked 
change of slope—apparently a thrust-plane. The base of the 
limestone is not clearly marked west of the church, and, probably, 
after crossing the Rectory grounds, it passes north of the school, 
trending north-westwards, a little south of the great quarries, and 
finishes north-east of Bowbeer Farm. 

The top of the Caleareous Series and junction with the Upper 
Aluminous Series is formed of black shales and thin, hard, grey 
rock-bands, at the foot of the escarpment facing northwards from 
Drewsteignton to East Underdown Farm, although it is locally 
concealed by the great tips of waste from the quarries. 

Between the sudden eastern termination of the Drewsteignton 
limestone in a north-east by east direction, and the Prestonbury 
Camp fault, is an area of great crush, and the horizon of the lime- 
stone is occupied by a ridge of sheared and pneumatolysed hard 
crystalline rocks, which can be seen in field exposures on the ridge 
north of Drewston House. The Calcareous Series, east of the 
Prestonbury Fault, shows a more regular arrangement of the rocks 
on the north side of a sharp monoclinal fold, which continues west- 
wards, and appears to die out at the Hast Underdown faults. In 
the Prestonbury and Broadmoor Commons area, the black slates of 
the upper beds of the Lower Aluminons Series pass into grey shales 
of the Caleareous Series, in which oceurs a chert-band. Out of 
this huge nodules of altered chert have weathered, and rolled down 
the slopes. On the north, lying above this band, the grey shales 
continue for a short distance, and pass into buff-coloured, fine, 
sandy rocks with iron-stained joints, on the horizon of the lime- 
stone: these again pass upwards, by grey shales and hard rock- 
bands, into the Upper Aluminous Series, but no limestones have 
been found. 


The country-rock granite G south of Whiddon Down forms a 
large area from the Blackaton Brook beyond the map on the west, 
which on the east is bounded by an irregular line from the Teign 
through Sandsgate to near Bradford Pool. This area is slightly 
undulating, with a general northward rise. 

The Rushford Wood intrusion of G1 granite appears to be a 
large complex of dykes and sills overlying the G granite, and runs 
generally in a north-north-westerly direction from the south of 
Rushford Tower. 

The portion of the granite-mass that lies between Sandsgate and 
Bradford Pool is capped in its highest part by blocks of a fine- 
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grained or G 2 granite, about 400 yards from north to south. In 
the field north of this, near Shilstone Farmhouse, is the well- 
known ‘Spinster’s Rock’ cromlech, formed of three big upright 
stones and a capstone weighing about 16 tons. All these four 
stones are of typical G 1 oranite, 

The Rushford Wood granite ends northwards ina dyke, about 
20 feet wide, and is seen in the hedge in the fields between Tor- 
down Farm and East Tordown: this dyke has penetrated both 
the G granite and the Lower Aluminous Series, blocks of granite 
being found on the latter rocks (4). The irregular spur on the 
east at the southern end of the Rushford Wood G1 granite- 
intrusion forms the Dogmarsh Wood cliff and also the hill north- 
west of Highbury House. The Teign in crossing this hard granite 
between the above two positions, ie formed a Somali gorge, with 
many hard granite-blocks and small islands in the river. 

A little more than 100 yards south-west of Sandy Park Mill 
House is a quarry showing a face of aplite about 140 feet long, 
and about 20 feet in oreatest height. ‘The middle portion of the 
face consists of felspar and quartz only; but, at both ends, tour- 
maline-nests appear in the rock. Strong master-joints striking 
north 10° east, with a nearly vertical westward dip, are the prin- 
cipal feature indicating the direction of the dyke; and, with the 
aid of these, the rock can be traced northwards by well-marked 
ridges in the bed of the Teign. 

The 3 north-western visible end of the Hunter’s Tor G 1 granite- 
dyke underlies the Carboniferous rocks on the west side in a thick 
sill, the remains of which lie above the G granite in an irregular 
area, extending southwards to, and on the south side of the Teign, 
forming the bluff of the wood west of Whiddon Park House. 
A similar sill of the dyke on the north-eastern side, but at a 
higher level, accounts for the small patch of G1 granite seen 
between the 750- and 900-foot contours in Whiddon Deer Park, 
which underlies the G 2 fine granite. 

An extraordinary exposure of the country-rock granite G is to be 
seen in the south-eastern end of Whiddon Deer Park, near the line 
of the G1 granite-dyke, at a height of about 760 feet, where a 
small crag 7m situ stands up boldly above the general level of the 
land. his rock is crowded with the usual orthoclase- phenocrysts, 
but has been tourmalinized, and the now reddish felspar pneuma- 
tolysed to such an extent as to enable it to resist weathering. 

Willingstone Rock is part of a big G1 granite-dyke in the 
Lower Alaminous Series. It is about 30 foot above the ground 
surface at its highest part, and strikes on the flat north ade north 
80° east with a steep northward dip. It is difficult to account for 
its presence here, except on the assumption that, when the G2 
granite lifted up the Culm rocks, this dyke was sheared across and 
raised up with the Culm. 


The field relations of the fine-grained granite (G2) large intru- 
sion have generally been dealt with in the course of the description 
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of Fingle Glen and the area immediately south thereof, and I 
need only further remark that, if we judge from the amount of the 
flattening-out of the overlying Carboniferous rocks, it must be in 
places several hundred feet thick. But I may mention that, as 
similar G2 granite-veins and sills are found in both G and G 1 
granite, the intrusive fine-grained granite G2 must be more recent 
than either; and that, generally, the smaller the thickness of a 
vein or sill, the finer is the grain of its constituents. 


VI. PerronogicaL DErAtIns. 


It is not to be expected that the Carboniferous rocks of the 
Dartmoor northern border can be very different from the same 
rocks south-west of Okehampton described by Mr. R. H. Worth 
(10), and by the Geological Survey (8 & 9) on the south and east. 
Still, although the rocks are generally similar, variations occur, and 
these are worthy of record. Also great local pneumatolytic action 
has made differences in the rocks that do not appear in the areas 
above mentioned. Some of these may be due to the separate 
granitic intrusions superinducing pneumatolysis on rocks that had 
already been contact-altered. 

The lowest Carboniferous rocks of the Dartmoor Granite 
northern border appear to have originally been a series of thinly- 
bedded or laminated sands or loams; these near Whiddon Down 
seem to have had generally a more shaly character, and to become 
more banded with sands at Cranbrook Castle towards the east. 


(i) The Lower Aluminous Series. 


Some of the lower beds of the Lower Aluminous Series to be 
seen at the southern end of Cranbrook Castle Quarry are sericite- 
chlorite-hornfelses, with numerous segregations of iron pyrites and 
remains of a little felspar. The sericite is often in radiate tufts, 
and brown tourmaline flecked with blue occurs in plates measuring 
up to 2 mm. in longest diameter. The chlorite contains haloes, 
which disappear on rotation and may be altered biotite. Andalusite 
appears only to occur in association with the small granite-veins 
found in the rocks. In the middle part of the quarry these 
hornfelses pass up into banded quartzites of the same general 
character, with small rutiles ; and, as the higher beds at the northern 
end of the quarry are reached, they pass into light and dark-banded 
tourmaline-quartzites. 

At Coombe Farm Quarry (No. 8), in the steep Lower Culm 
face, left on the east side by quarrying away the G1 granite-dyke, 
andalusite-hornfels occurs. The andalusite-crystals attain 2 mm. 
in length, and show pink pleochroism; the ground-mass is erypto- 
erystalline mica, felspar, and quartz, studded with biotite-crystals 
mostly decomposed, about 1 mm. long, and there is a considerable 
amount of iron pyrites. In Coombe Farm Quarry (No. 4), fine 
grained hornfelses are found containing small quartz, tourmaline 
and sphene-veins (Pl. XXIV, fig. 1). 
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In Wisedom Farm Quarry both the sericite-chlorite-hornfelsed 
rocks and the chiastolite-schists are found. The sericite-chlorite- 
hornfelses are fine-grained, and the rocks are spotted, the chlorite 
with haloes generally forming areas in a quartz-sericite ground- 
mass. Pyrites and rutile are still abundant, but some slides 
show a greater amount of fine quartz-grains. These rocks pass 
upwards into banded schists of chlorite with haloes, between layers 
of quartz-sericite with less pyrites. These schists, where pneuma- 
tolysed, became banded quartz-tourmaline-schists. | Cordierite- 
hornfels has only been found, at Wisedom Farm Quarry, in rather 
narrow bands in the hornfels, and is of the ordinary type occurring 
around Dartmoor. The chiastolite-zone is well developed here, 
and every gradation from the fresh mineral, through bright 
yellow to complete decomposition, can be found. The Dartmoor 
border cruciform chiastolite in dark slates is well known, and is 
described and illustrated in the Geological Survey Memoir (8). 
The rock of the northern border, however, as at Wisedom Farm 
Quarry, is not a slate, but in all respects a hard schist, forming 
the principal source of road-metal for the neighbourhood. Owing 
to the complete series from fresh to decomposed chiastolite found 
here, this zone can be traced nearly to Whiddon Down. It is 
curious that, even when much decomposed, traces of the right- 
angled chiastolite cleavage may be seen with a lens on a freshly- 
fractured surface, although nothing but a mottled mica-and- 
quartz-rock appears in a thin section. 

The black slates forming the top beds of the Lower Aluminous 
Series are only seen in the eastern part of the area, where they can 
be traced from Broadmoor Common, to Shute Down Coppice, near 
Cross Farm, or rather more than a third of the length of Dartmoor 
Granite border under consideration; but as, where seen near the 
latter place, they are well developed, there can be little doubt that 
they are continuous throughout. These slates vary much: in 
some places they are hard and splintery, while at others they are 
soft and fissile. They are chiefly ordinary fine-grained quartz- 
and mica-slates, and show a depolarizing ribbon. Some are banded 
with fine sands, now quartzites, and, at the junction of these, small 
zircons may sometimes be found in the sands. The passage up 
into the Caleareous Series is conformable by gradual change, and 
the division-line shown on the map (pp. 816-17) is merely an 
arbitrary one. 


(ii) The Calcareous Series. 


The base of the Caleareous Series is formed of shales appearing 
brown through weathering; but, when the pieces are sufficiently 
sound to be split, they are dark grey inside, and it is only when 
these shales cease and volcanic fragments with chert, slate, and ash 
are found, that a definite horizon is reached. 

These mixed and volcanic rocks are a portion of a very long 
series of bands around the north and north-west of Dartmoor, and 
south and west of Okehampton have been variously described as 
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“trappean rocks’ by De la Beche (1), ‘metamorphosed tuffs and 
trachytes’ by McMahon (5), and as ‘dark igneous rocks’ by 
Mr. R. H. Worth (10). In all the specimens showing volcanic 
fragments, however, and in all thin sections hitherto seen, though 
the perthitic felspar is not much affected, the ground-mass has 
been greatly altered, and its true character obscured by secondary 
fine biotite and infiltration of chert, as well as by pneumatolytic 
alteration, so that the rocks have been darkened. In some ot 
the freshest thin sections, traces of the trachytic character of the 
voleanie fragments remain; but such traces are the exception 
rather than the rule. In some cases, the alteration has been so 
great that these rocks have been described as cordierite-hornfels, 
and have developed radiate anthophyllite; but even these show 
the structure of the perthitic phenocrysts, although, of course, 
they are much altered. 

In this area the volcanic rock appears to be more solid and less 
altered than anywhere else at the East Underdown Farm well, 
20 feet deep, against a roadside cutting about 16 feet deep. The 
rock is nearly white, with dark-green specks, stained yellowish 
brown on its joints, and fairly fresh pieces of large size can be 
obtained. Sections of these show perthitic phenocrysts in a 
typical ground-mass of tufted radiate albite-oligoclase; a few 
small spots of secondary biotite occur, also a little chlorite, and 
some garnet. This rock is a quartzless keratophyre. As in the 
same neighbourhood, from the field stones on the top of the ridge, 
specimens of light and dark rock of the same nature show in 
sections made from them the darkening to be due to later cherty 
infiltration, with biotite contact-alteration ; and as also the 
same dark rock, but weathered, can be found near by in the field 
exposure, mixed with slate, other fragments, and chert, it would 
appear highly probable that the Meldon ‘dark igneous rocks’ are 
the representatives of the East Underdown type of keratophyre 
and mixed rocks. Partial pneumatolytic action on the Hast 
Underdown well-rock changes its whiteness to mottled green; 
and in thin section, the altered keratophyre shows small areas 
of new clear felspar with blue tourmaline-prisms and some chlorite- 
erystals. These areas are surrounded by fine biotite alteration, 
while the tufted albite-oligoclase ground-mass has become fainter 
in its structure (Pl. XXIV, fig. 2). 


East of the East Underdown parallel faults, the volcanic 
horizon can only be traced by surface-stones on cultivated land, 
following the limestone in an east-south-easterly direction, 
becoming more cherty as it goes eastwards, until the band dies 
out a little east of Drewsteignton. Farther east, the volcanic- 
band horizon at Prestonbury and Broadmoor Commons is generally 
represented by blocks of segregated cherty rock, which weather out 
and roll down the slopes. These are very hard, tough, and 
weather-resisting. In thin section, they show mostly chert with 
a matt of incipient fine tourmaline-crystals, in which occur clear 
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quartz-areas and veins, with well-formed pale tourmaline, frequently 
a little diverging, and of slight pleochroism: the triangular cross- 
sections extinguish in segments of three triangles. Or they are 
cherty quartzites with quartz-tourmaline-veins, in which an 
occasional grain of tinstone occurs. The voleanie band also thins 
west-north-westwards, and, from the south of Whiddon Down to 
the Tordown Fault, it is represented by ashy chert-rocks, only 
found in field stones, south-west of the limestone quarries. 

Between the Whiddon Down and Drewsteignton limestone areas, 
the shales above the voleanie band pass upwards into white quartz- 
veined dark quartzites, seen in the road-exposures south of Silk- 
house Farm towards Hast Underdown. These quartzites pass 
upwards into the grey shales with hard blocky rock-bands, and so 
into the Upper Aluminous Series. 


The Whiddon Down limestone area extends from west of the 
Old Toll House to near West Underdown. The lowest brown 
limestone seen in the Mill Quarry black shales consists of white 
garnet in a hazy ground-mass of caleite and fine quartz-grains ; 
veins of calcite and a fibrous mineral traverse the rock: the fibrous 
veins being across the bedding, are perhaps due (in the first 
instance) to original shrinkage. The immediately succeeding 
limestone-bands are similar garnetiferous rocks, but idocrase also 
occurs; the ground-mass becomes more cherty, and the cross- 
bedding shrinkage-cracks are filled with idocrase, chlorite, garnets 
of good crystalline form, and a little quartz. Still higher up, the 
limestone-bands become grey, more blocky, and consist mostly of 
calcite, with some small amount of cherty infiltration, and the 
veins are irregular and filled with calcite. An interesting grey 
limestone from the lower part of Hobhouse Quarry shows a clear 
caleite ground-mass with macled crystals of axinite and some 
asbestos, and a little pyrites and chlorite. Interbedded with the 
limestones and black shales are finely-banded cherts, much brec- 
ciated, and with high double-refraction chlorite and quartz-veins. 

East of the Tordown Fault the lime-bearing rocks of the 
Whiddon Down area show a limuritic change, and are pneumato- 
lysed; and, although somewhat similar rocks have been described 
from the west side of Dartmoor, they are altered spilites (8), and 
are not from the bedded Culm rocks. A little way east of the 
fault, pieces of rock can be found, consisting of fairly large incipient 
garnets, set in a ground-mass of green pyroxene. 

The Natton Hill quarries show the greatest amount of alteration, 
and it is possible that these lime-bearing rocks were at first 
contact-altered by the granite intrusion, and that afterwards, while 
still very hot, the highly-heated pneumatolytic gases given off from 
the cooling granite produced entire recrystallization; also, that 
this took place while the rocks were in a solid condition is 
evident, as in thin sections their original lamination can be plainly 
seen, although the recrystallization is not in any way affected by 
it. As the only boric mineral found is axinite, it may be assumed 
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that water vapour and carbonic acid hada great deal to do with 
the pneumatolytice change. 


The Natton Hill rocks, though all are banded, can be divided 
into three classes: the pyroxene-felspar-axinite crystalline schists; 
the pale grey-green cale-flintas with conchoidal fracture ; and the 
finely granular porcellanites. The pyroxene-schists vary in s1ze of 
grain; when fresh they are of a rather dark green, with violet 
axinite-veins: these schists weather to a bright yellow-green. The 
axinite exhibits pale-blue pleochroism in sections parallel to the 
Y axis. All sections show areas of greenish-brown carbonates, 
largely siderite, and generally a few crystals of sphene. In some 
slides, the ground-mass is nearly all very fine-grained felspar, a 
little decomposed, in such wise that by meident light a faint white 
suffuses the surface. As the refractive index of this is less than 
that of Canada balsam, it is probably albite; the remainder of the 
ground-mass shows streaks of axinite and a little idocrase. 

The cale-flintas are cherty rocks, with many minute semi-opaque 
inclusions, which are white by incident light, and also contain 
granules of augite. In parts of the slide the pyroxene-granules 
are densely packed together, and these, between crossed nicols, 
exhibit an oriented crystalline structure. 

The porcellanites show a granular ground-mass of chert with 
semiopaque inclusions, and in this are numerous oriented incipient 
crystals of augite, so that, between crossed nicols, the section has 
a resemblance to the schists. In this section is a well-marked 
vein of scapolite and some augite (Pl. XXIV, fig. 3). The vein- 
stones of these rocks are usually of axinite, deep violet in hand- 
specimens ; sometimes the axinite is in eutectic growth with fairly 
large augite-crystals. ess frequently the veins are green diopside, 
and occasionally they are made up of well-formed colourless or 
pale-grey scapolite-crystals. 


The Drewsteignton limestone area is well known: G. W. 
Ormerod (8) has described the great quarry, and little need be 
said here. ‘The black lhmestone-bands in shales are mostly found 
at the east-south-eastern end of the area; while the west-north- 
western end is nearly all black cale-flinta. The black limestones 
burn white, showing that the colouring matter is carbon. The 
limestone is much traversed in some parts by numerous veins of 
calcite, while in others the stone is free from these. Radiolarian 
remains are common as round or oval spots in thin sections, with a 
border more or less complete, in a ground-mass of impure calcite. 
Some of the black limestones are composed of discrete small 
calcite-crystals, surrounded by carbon particles and impurities, and 
with black irregular lines of the carbon, giving a streaky banded 


appearance to the section. An analysis of this limestone gave 
62 per cent. of silica (7). 


The crystalline calcareous rocks of the crush-area between the 
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eastern end of the Drewsteignton limestone and the Prestonbury 
Fault also show a limuritic change, and are somewhat similar to 
those of Natton Hill, in that they are largely pyroxene-rocks with 
some axinite, felspar, and a little garnet ; but, on account of the 
crushing and shearing that they have undergone, a blue hornblende 
has been developed in minute rods. ‘These are massed together 
along the shearing-planes, and it is rare that a few rods do not 
occur in the augite-crystals. The pyroxene-crystals are in allotrio- 
morphic growth, and the effect of the crush has been to reduce 
these to aggregates of parallel rods. These rocks are well seen in 
the field exposures on the ridge, north of Drewston House 
(Pl. XXIV, fig. 4), 

It has been mentioned in § V (on the field relations) that the 
eastern termination of the Drewsteignton limestone is a thrust- 
plane, and it is possible that the later intrusion of the G2 granite, 
after the rocks of the crush-area had been contact-altered, super- 
imposed the local hornblendic change and the coarse shearing 
shown by the rocks. 


(ii) The Granites. 


Tt has long been known that the Dartmoor and allied granites 
on the west differ in parts considerably in coarseness of crystal- 
lization. These differences have been regarded as indicating 
separate intrusions of the same magma. Three types have been 
described: outer granite, inner or finer granite, and fine-grained 
granite-veins and sills, or felsites. Where the second intrusions 
of inner granite occur in areas sufficiently large to show on the 
Geological Survey 1-inch map, they are coloured a deeper red; but 
it does not appear that any mapping has been done of the dykes 
and sills that must have accompanied the inner granite-intrusion, 
although it would generally seem from the position of the quarries 
that these yield the granite of best quality. The junctions of the 
outer and inner granites are frequently indefinite, and pass 
gradually one into the other, so that the boundaries have to be 
drawn according to the observer’s judgment; but, at other places, 
the junction is a sharp one. It is with great diffidence that the 
separation of the G and G1 granites is shown on the map (pp. 816— 
17), but there are many more dykes and sills than have been 
traced in the area. Another difficulty that has to be taken into 
consideration is the shattering and fissuring caused by the Middle 
Oligocene syncline (9), that crosses the area under description, 
from south-east to north-west, especially as the amount of crush 
is not the same throughout the width of the affected band, but 
forms overlapping longitudinal areas of great crush, separated 
by ridges or areas where the amount is less. The north-eastern 
side of the syncline follows the direction of the Forder Brook, 
erosses the Teign, and passes out of the area here described south 
of Whiddon Down. North-west of Chagford, the synclinal crush- 
area rapidly narrows, and the western boundary can be traced by 
the solid mass of Gidley North Park, Throwleigh, and south-west 
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of South Zeal and Sticklepath. In one respect, the boundaries in 
such an area are somewhat simplified by the fact that, the G1 
granite being harder than the G granite, the former resists the 
erush in places, and forms isolated, more or less solid exposures, 
quarries being sometimes opened in these. hus, if we find a 
series of exposures and quarries that form a straight, or nearly 
straight line, it is safe to assume that these are along the course 
of a dyke. Also the margins of the different granitic areas can 
be similarly traced roughly in the same way. 

Kaolinization of the granite has not occurred to a great extent ; 
but, where it is found, both the Gand G1 granites have been 
equally affected. The principal areas of kaolinization im the 
district are Padley Common, Chagford, both Gand G1 granite ; 
around Sandsgate, in the G1 granite; and on the west side of the 
district, in the valley of the Blackaton Brook. 


The G granite’s chief characteristics are its large, Carlsbad- 
twinned, perthitic orthoclase-phenocrysts, sometimes exceeding 
7 inches in length. These generally exhibit flow-structure, by the 
straight or curved directions in which their longest axes lie, and 
usually are closely packed together (though they rarely show actual 
contact) in a coarse ground-mass of plagioclase and orthoclase, 
with agglomerated quartz sometimes an inch or more in longest 
diameter; while the subordinate biotite is in small crystals, 
frequently grouped together in clusters. All the mica seems to 
be of one generation. ‘Tourmaline is so much scattered in small 
regular shapes throughout the ground-mass that it may be 
considered an original constituent; and, in addition to this, it 
forms quartz-tourmaline nests up to 6 inches in diameter 
(Highbury Hill road-cutting). Apatite in stout prisms and 
grains is fairly plentiful. While minute zircons cause haloes in 
the biotite, much larger zircons occur in the quartz and felspar, 
and show a banded structure with high polarization-colours. In 
common with the quartz throughout the Dartmoor Granite, and 
perhaps in this area more fully developed, the quartz shows 
abundant cavities of varying size. All appear to contain a bubble; 
others contain a bubble and clear cubic crystal, while some, of 
irregular shape, are exceptional in having two bubbles, large and 
small, and occasionally two crystals. Cavities of negative crystal- 
line shape are very rare. Basic patches of the usual ovoid shape, 
with much biotite, are not uncommon; these are usually of fine 
grain, but are in a decomposed condition, and they readily crumble 
to pieces. Large xenoliths of coarser granitic grain are also found 
in a weathered condition. Both are described in the inclusions of 
the G1 granite. 


The secondary, or G1 granite, although much less in quantity 
than the G granite, is, owing to its greater hardness, its durability, 
and the number of quarries that have been opened in it, far better 
known in the north-eastern part of Dartmoor as being ‘The 
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Granite’ rather than the G or first granite. The largest and best- 
known quarry is that north-west of ‘Blackinstone Roc k, east of the 
area here described, which is in typical G1 granite. This is in 
every respect similar to the granite of the Hunter’s Tor dyke, as 
seen in Coombe Farm Quarry (No. 3), and in the new quarry in 
Whiddon Deer Park. The G1 granite is largely ground-mass, in 
which the perthitie orthoclase- phenocrysts, “often in eruciform 
macles, are scattered; these are always Carlsbad-twinned. The 
phenocrysts vary in length from about 2 inches in some places to 
as much as 33 or 4 inches in others; but they are never closely 
packed together, their distance apart varying from about 2 to 
6 inches and over. seenauen tly the smaller crystals show the 
greatest distance apart. In the ground-mass there are numerous 
dalle phenocrysts of oligoclase of good erystalline form, some 
being macles. ‘The extinction on the central part of a erystal cut 
parallel to the axis required a rotation of 8° on both sides, the 
refraction (Becke’s method) being a little above that of Canada 
balsam, and about the same amount below that of quartz. The 
biotite, like that in the G granite, shows the ordinary, or first 
crystals, varying from 1 to 2 mm. in longest diameter, and in 
addition to this, and often thickly Boat in the eround- mass, 
are minute flakes and wisps, indicating two generations of this 
mineral. Also, similar flakes frequently show as zonal rings in 
the plagioclase. The quartz, moreover, often appears to indicate 
two generations: the first being rounded phenocrysts, frequently 
surrounded by a ring of the small biotites, and, after the crystalli- 
zation of these micas, the quartz-phenocrysts continued growing 
in optical continuity until they joined up with the ground-mass 
minerals, so that the outer edges of the quartz must be secondary, 
and of the same age as the ground-mass quartz, perthite, and 
biotite (Pl. XXIV, fig. 5). ‘Such a two- stage crystallization has 
been suggested for the normal granite south of this area ( 8); but 
in this locality it appears to be applicable rather to the G1 than 
to the G granite. Cordierite seems to have been a_ primary 
mineral of the G1 granite, for it occurs as an accessory in all 
sections in association with the primary biotite, usually decomposed 
as greenish pinite, in which traces of structure are sometimes seen; 
iat, occasionally, in a rare form of advancing decomposition, 
showing the basal lamellar structure, and a clear colourless to bright 
yellow pleochroism (Pl. XXIV, fig. 6). The rarer accessory 
minerals are apatite, 1 in short prisms, frequently of a very pale- 
blue colour; zircons in crystals of fair size up to 0-1 mm. in 
longest diameter, and minutely in the biotite. Tourmaline, brown 
een blue, and sometimes the dense dark- green variety, is only 
found in small nests of quartz and felspar, but not in the ground- 
mass as in the G granite. Fluorite oceurs occasionally in druses 
and eracks in quartz; and a highly refractive mineral, with high 
double refraction, suggesting monazite, is seen in some sections. 
Occasionally, ill- formed sphene, and rarely (doubtfully) a colour- 
less allanite, may be observed associated with the biotite. The 
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ground-mass filling is an almost eutectic mixture of perthitic 
orthoclase and quartz. The quartz contains cavities similar to 
those described in the G granite. 

The inclusions found in the G1 granite are of three different 
kinds: (a) Little oval patches, crowded with small biotite-flakes, 
rarely showing haloes, in a fine granular ground-mass of felspar 
(mostly oligoclase), and small quartz without crystalline form, 
but with numerous straight rods of apatite, are seen throughout, 
and sphene is not uncommon. The largest of these inclusions 
differ only in that the biotite tends to segregate in clusters. 
The quartz shows lines of strain-pores, but the usual cavities are 
absent. (b) More irregularly shaped inclusions of varying size, 
exceeding in some cases 2 feet in length, with a ground-mass 
of oligoclase, quartz, and biotite, and fewer rods of apatite, but 
some stout prisms. In the ground-mass are spherical quartz- 
phenocrysts. These inclusions seem to be derived from some 
earlier rock. (¢) Altered Culm inclusions: these are black in 
hand-specimens, and in thin section they show skeletal pale-brown 
biotite, giving brilliant polarization-colours, and quartz enclosing 
numerous spherical grains of fresh cordierite, with some dark 
minute inclusions, some of which appear to be spinel. The 
granite border is banded poikilitically through its various crystals 
by large cordierite-grains. 


In Coombe Farm Quarry (No. 8) the junction of the G1 granite 
with the Lower Aluminous Series is a very sharp one, its upper 
surface, where it forms a thick sill flowing south-westwards, being 
corrugated into the Culm. On the east side it makes a straight, 
clean-cut, nearly vertical contact of the dyke with the Culm; at 
both these surfaces the granite shows very little chill, and the 
orthoclase-phenocrysts go right up to the Culm. 


The fine-grained granites G2 include not only the numerous 
veins and sills, but also a local later intrusion of fine-grained 
granite on the eastern half of the length of border dealt with. 
This granite is, from its surrounding geological structure and from 
its intrinsic characteristics, undoubtedly a later marginal intrusion. 
It is first seen at the Sharp Tor-Forder Fault in the bottom of 
Fingle Glen, and also stops at another fault at Willingstone. 
Moreover, it is associated with a monoclinal fold of the Culm in 
an east-and-west direction, showing by the banded bedding of the 
strata northward dips of 82° at Prestonbury Camp and of 86° 
on Broadmoor Common, and with this sharp roll there is great 
flattening-out of the Culm on the south, or high side of the 
fold. This flattening-out of the southern edge of the Culm 
rocks commences as far west as the two East Underdown faults; 
and since, all allowances being made for the G 1 Hunter’s Tor dyke 
and sills about Coombe Farm Quarries, there remains a large 
margin, it seems probable that the G2 granite-intrusion extends 
underground as far as these faults: so its width would be about 
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23 miles from the East Underdown to the Willingstone Faults. 
The ground east of the latter faults has not been ex ermimeds and it 
may extend still farther in this direction. 

A small but good junction of the G2 granite with the Culm 
can be seen on Uppacott Down, near the cart-track leading to 
Hannicombe Wood. About 4 as from the Culm the granite 
changes from a fine biotite- a tourmaline-granite, some of 
this mineral being of a pale bale blue in thin section. ‘This 
continues to about 2 inches from the Culm, where for a width of 
about half an inch the granite becomes finely banded with small 
brown tourmalines and small spherical quartz-grains in the ordinary 
quartz-felspar ground-mass. For the remaining 12 inches to the 
Culm, the granite becomes much coarser, some of the felspars 
being nearly” three-eighths of an inch long of orthoclase, laminated 
wich: closely- ternal albite, while the (alae at the junction is 
changed into tourmaline- quartz- rock. Linscott Quarry shows the 
fine ‘eranite of medium grain similar to that found in Fingle 
Glen. and contains quartz- -phenoery ysts, which on fractured ice 
have more or less pyramidal ends, while the micas are sometimes 
as large as those of Butterdon Down. The 80-foot G2 granite- 
vein in Fingle Glen is precisely the same rock as that at the 
bottom of the Glen; but it may be mentioned that its western 
side has been pneumatolysed with much yellow and _ bright-blue 
tourmaline and scarlet felspar. A section of this edge-rock shows 
a considerable amount of mortar-structure. 

Generally, the G2 granite contains very little apatite, or the 
rarer accessory minerals found in the G and G1 granites: nor 
have any xenoliths, or basic patches been noticed. 


Considering the three varieties of granite described above as the 
result of successive intrusions of the same magma, we cannot 
expect any hard-and-fast line to be drawn between any of them. 
Also, there is nothing constant in respect of flow-structure: all 
the granites show this more or less; or it may locally be entirely 
absent, and the orthoclase- phenocrysts placed in any direction. 
They may show parallelism for the length of the visible exposure, 
but they frequently resemble the swirling movements of convection 
rather than actual flow. A striking example of this occurs in a 
road-cutting west of Chagford, where the parallel flow of the 
G granite is sharply cut across by a 9-foot dyke of G1 granite, 
with almost circular swirls of convection. This clearly shows that 
here the granite was solid at the time of the intrusion of the dyke. 

The aplite-dyke seen at Sandy Park Millhouse Quarry is a 
rock of uniform grain, with felspar-crystals varying from 1:5 to 
2 mm. in length. The majority of these are perthitic albite- 
orthoclase, while the plagioclase-crystals are oligoclase with 83° 
extinction-angle, their refraction being the same as that of Canada 
balsam, and a little below that of quartz. The quartz is in slightly 
smaller crystals, but it occurs in aggregates of several grains 
differently oriented, and has many of ‘the usual Dartmoor cavities. 
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The only other mineral seen is the almost opaque dark-greenish 
variety of tourmaline, and a crystal or two of the or dinary. brown- 
flecked-with-blue variety. No apatite or other highly refractive 
mineral occurs. The rock is crystalline-granular, with small 
granophyric patches of the angular variety up to 6 mm. across. 
A very similar aplite, but of a little finer grain, and in somewhat 
fresher condition, was passed through in the 100-foot deep boring 
at Outer Down House, west of Chagford. 

From what can be seen at the junctions of the granite and the 
Culm rocks, there does not appear to have been any noticeable 
absorption or solution of the latter by the granite. The contact 
eaused, rather, a surface pneumatolytie action, producing abundant 
tourmaline, than a fusing or solution of the Culm rocks. 


I desire, in conclusion, to record my thanks to Dr. J. 8. Flett 
and to Dr. H. H. Thomas for determining the affinities of doubtful 
rocks found in the area, and to Dr. E. va Young, of Okehampton, 
for assistance in the field work. 


EXPLANATION OF PLATE XXIV. 


Fig. 1. Tourmaline-sphene-vein in Culm hornfels; Coombe 
Farm Quarry (No. 4) (78 S.W.). The section shows the 
hornfels at the top, while in the quartz-vein are numerous pale- 
brown tourmaline prisms ; associated with these are many spindle- 
shaped crystals of sphene. No. 153a,' Dr. E. H. Young’s section, 
x 26, ordinary light. 

. Pneumatolysed keratophyre; Hast Underdown Farm 
Well (78 S.W.). The slide shows generally a very fine biotite- 
alteration in the ground-mass; but, on the left, the tufted plagio- 
clase may be seen. In the centre is a cleared area of fresh 
secondary albite, showing striation, and blue tourmaline-prisms. 
Several small perthitic phenocrysts are unaltered. No. 648, x 11, 
crossed nicols. 

8. Scapolite-vein in porcellanite; Natton Hill Quarry 
(78 S.W.). The figure shows a vein of scapolite with a little 
pyroxene. Crossing the field, away from this, are oriented grains 
of pyroxene, giving a crystalline-granular appearance to the cherty 
ground-mass. No. 656, x 11, crossed nicols. 

4. Diopside-axinite-hornblende-schist; north of Drewston 
House (78 S.W.). The section shows large pyroxene-crystals, 
with a little axinite and felspar. In this are numerous little rod- 
crystals of blue hornblende ; these are densely packed together 
near the bottom at a cleavage-plane. No. 678 a, Dr. H. H. Young’s 
slide, x 26, ordinary light. 

5. G1 granite ground-mass; Outerdown Borehole, Chagford 
(89 N.H.). The figure shows part of a quartz-phenocryst, with a 
marginal ring of secondary biotites. The cracks in the quartz are 
filied with fluorite; anda large apatite-grain is seen at the left 
centre. No. 424, « 11, ordinary light. 

6. Cordierite in Gl Granite; New Quarry, Whiddon Deer 
Park (90 N.W.). Below the centre, on the right, is a cordierite 
area showing basal lamination; to the left of this is another area 
in which the cordierite is altered to pinite. The biotite shows two 
generations ; perthitic orthoclase, plagioclase, and a large apatite- 
grain are also seen. The quartz is full of inclusions. No. 635, 
Sella ordinary light. 
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Discussion. 


Dr. J.S. Fuerr said that the Author’s map seemed to prove that 
the north-eastern margin of the Dartmoor granite followed a 
fairly well-defined horizon in the Culm Series, and was passing 
northwards at a rather low angle beneath the sediments. In fact, 
the mass was behaving as a laccolite, as seemed probable also for 
wl the Cornish and Devon granites, as to which evidence was 
available in this respect. No case of a ‘cauldron-subsidence’, or 
of a granite which had eaten its way upwards principally by 
‘overhead stoping’, had yet been established in this province. ~ 

Dr. A. Bramaann regarded the paper as a very valuable contri- 
bution to our knowledge of Dartmoor geology. ‘The granite types 
in the area described by the Author appeared to correspond closely 
with those recorded by the speaker & Dr. H. F. Harwood! as 
occurring in the area to the south, around Widecombe. In both the 
Whiddon Down and the Widecombe areas, the composite and lacco- 
litie character of the granite-intrusion is demonstrable. Analogy 
between the granite types of the two areas may be expressed thus :— 


Whiddon Down Area. Widecombe Area, 
Stage 1. Dark fine-grained granite, of 
comparatively basic composi- 
tion. 


G. Country-rock Granite ...... Stage 2, Giant Granite — tor - cappings 
rich in killas-xenoliths, and 
containing garnet, cordierite, 
and its associates. 

G1. Second Granite—A cordi- 
erite-biotite-granite ..... Stage 3. Blue granite (quarried), showing 
little evidence of contamina- 
tion with killas. 


Goa Dhindls Garamitio meres. eee Stage 4, Minor intrusions. 


The speaker’s Stage 1 type is characterized by distinctive micro- 
structure and mineral composition. It indicates appreciable 
differentiation from the parent magma, and came in place appar- 
ently in two ways: (1) by direct intrusion, (2) as clots caught up 
by large bodies of later magma more normal in composition. If 
this type be regarded as melanocratic, its leacocratic complementary 
is represented by a coarse- or fine-grained highly felspathic rock 
with a characteristic association of accessory minerals (sphene, pale 
amphibole, and native gold and silver). The speaker enquired 
whether the Author had observed either of these types in his 
area, and whether his G1 type had been observed as intercalates. 
in G. The Stage 3 type (Widecombe) is often intercalated as 
thick sills in the mass of the earlier granite; such intercalates. 
were thus more or less immune from direct contamination with 
country-rock. Though much detailed work, both petrological and 
chemical, still remained to be done, if the granite-types in one area 
were to be decisively traced into another area, it was encouraging 


1 Min. Mag. vol. xx (1923) p. 53. 
QoJ; GS. No, 318. Wy 
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to note that two areas 8 to 10 miles apart showed the degree of 
correspondence indicated. ; 

Mr. Harrorp J. Lowe, in a written contribution to the dis- 
cussion, expressed his interest in the fact that the chiastolite 
occurred in an aluminous series of rocks above those characterized 
by pyrites. He pointed out that, although marcasite was common 
in the black limestone of Drewsteignton, chiastolite, so far as he 
was aware, had not hitherto been found in that district. It would, 
he suggested, appear to indicate a greater degree of metamorphism 
than had formerly been noticed ; from which it had been inferred 
that the angle of slope of the granite was greater in that quarter 
than in most other contact-areas. 

He was further interested in the sequence of three granitic 
intrusions characterized mainly by a decreasing size of mineral 
constituents, the latest (of finest grain) forming sills and a border- 
sheet. The implication that the subsequent intrusions had affected 
the original coarse-grained mass was in keeping with an explanation 
that he himself had put forward! to account for the lake-lke 
hollow in the granite of the Chagford and Moretonhampstead 
area, the eastern and northern boundary of which was formed by 
the metamorphic rocks dealt with by the present Author. 

Dr. J. W. Evans asked what evidence there was of the Oligo- 
cene age of the crushed syncline. 

The AurHor, in reply to Dr. Flett, remarked that he quite 
agreed that the Dartmoor granite-intrusion differed in many 
respects from the allied granites on the west, and that its strikingly 
different superficial shape and the comparatively low angle of dip 
between the granite and the Culm rocks, as also the sheet-like 
character of the secondary intrusion, indicated a laccolitic origin 
for this granite rather than a stock. The more regular oval shape 
of the granite-areas on the west appeared to represent domes of 
granite, and these were, as Dr. Flett remarked, probably independent 
masses, with the exception of the Land’s End and Constantine 
areas, which seemed to have an underground connexion. 

The Author was greatly interested and gratified to know that 
Dr. Brammall had found a corresponding series of successive in- 
trusions of granites in the more central portion of Dartmoor, south 
of the area with which he had dealt, and that, in addition to the 
three granites of the northern border, a still earlier granite of a 
dark hue and more basic composition had been found. As the 
Author had been greatly puzzled by the occurrence of the dark 
holocrystalline inclusions in the G and G1 granites and could 
not account for their origin, he would be glad to send specimens 
to Dr. Brammall and to know whether these are derived from 
his first granite. These inclusions usually occur in ovoid form, 
up to 9 or 10 inches in diameter. Evidently, this shape is due 
to absorption; but there occurs on the top of the cliff, on the 


1<The Teign Valley & its Geological Problems’ Trans. Devon Assoc. 
vol. xxxv (1903) p. 631. , : 
[July 25th, 1924.] 
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west side of Nattadon ce a similar though much larger 
inclusion of oblong shape over 2 feet long, which without doubt 
has been derived i om an earlier granite- hee 

Replying to Dr. Evans’s enquiry regarding the evidence for 
the age of the syncline, the Author peered a to the Geological 
Survey memoir on Sheet 339, where this subject was dealt with. 


PosrscRier TO THE Discussion. 

[Referring to Mr. H. J. Lowe’s letter, the Author would 
remark : First, in regard to chiastolite, that this mineral is only 
found in the Lower Aluminous Series between the hornfelses of 
the pyrites zone and the black slates of the top of that series: 
that is, it occurs at about an equal height above the granite 
surface where the temperature appeared to favour the formation 
of this particular mineral; nearer the granite the andalusite form 
only is occasionally found. Secondly, that the lake-like depression 
seen from Hunter’s Tor is shown by cross-sections to be an 
illusion, and the wide alluvium embayments are entirely the 
result of fluviatile and subaérial erosion on granites of varying 
resistant powers and friability: while vertical erosion is limited by 
the River Teign’s capability of cutting down the gorge of Fingle 
Glen. 

The varying resistances of the granites are due to (a) the coarse 
G granite being a weaker rock than the G1 granite; (0b) to the 
G1 granite’s intrusion breaking up the G granite; (¢) the G2 
granite- and pegmatite-dykes and veins further broke up the 
G granite and toa less extent the G1 granite; (d) the crushed 
Oligocene syncline had a much greater effect on the already 
weakened G@ granite than on the secondary intrusions, so that we 
find the alluvium bays confined to the G granite. Where the 
Teign first met the harder G1 granite it cut small gorges, and 
these have since tied the river to raced positions: for instance, at 
the southern end of the Rushford Wood G1 mass; at Highbury 
Hill; 600 yards above Hunter’s Tor; and at Hunter’s Tor itself.— 
C.W.O., January 9th, 1924.) 
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find the alluvium bays confined to the G granite. Where the 
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13. On a Hyzopvonr Suark (LRisrycurus) from the Cact- 
FEROUS SANDSTONE SERTES of EskDALE (DUMFRIES-SHIRE). 
By Sir Artuur Smira Woopwarp, LL.D., F.R.S., eGacs 
(Read January 23rd, 1924.) 


THe Elasmobranchs of the Carboniferous Period, already known 
by more than isolated teeth or spines, ave very different from all 
the Elasmobranchs of the Mesozoic and Kainozoic Eras. Some 
of them approach the theoretical ancestors of the sub-class in their 
internal anatomy! and in the skeletal supports of their fins”; 
others are peculiar in the development of bilaterally symmetrical 
plates in the cranial roof,? or in the presence of dermal head- 
plates*; others seem to have a dentition intermediate between 
that of the Selachii and the Holocephali,®> which have been 
distinct orders since Jurassic times; and a few form an unique 
eroup in which at least the symphysial teeth do not fall out when 
done with, but fuse with their successors and hang in front of the 
mouth, either forming a complete spiral ® or falling away at occa- 
sional intervals.7 Only one specimen has been briefly noticed % 
that seems to approach more nearly the later types of sharks, and 
this is now worthy of detailed study and description. 


The specimen in question is the anterior portion of a small 
shark shown of the natural size in fig. A (p. 339), and it was 
referred by Traquair to Tristychius, probably 7. arcuatus Agassiz. 
It is displayed on the counterpart halves of a slab of shale from 
the Calciferous Sandstone Series of Eskdale (Dumfries-shire), and 
is now in the Royal Scottish Museum, Edinburgh. I am indebted 
to Dr. James Ritchie, Keeper of the Natural History Department, 
for the opportunity of investigating it. 


The cartilages shown in the fossil are calcified in small tesserz, 
which seem to occur only in one superficial layer, not penetrating 
more deeply. ‘They therefore correspond in structure with the 
calcified cartilages of recent sharks. he remains of the head are 
crushed and obscure, but the jaws are sufficiently well preserved to 
prove that the mouth is terminal. The teeth (fig. B) are closely 


1 B. Dean, Mem. Amer. Mus. Nat. Hist. vol. ix (1909) p. 231 (Cladoselache). 

2 Id. ibid. p. 218 (Cladoselache). 

3 A. S. Woodward, forthcoming paper in the Jubilee Volume of the 
Société Géologique de Belgique. 

A. S. Woodward, Q. J. G. S. vol. lxxi (1915) p. Ixviii (Oracanthus). 

» Id. Proc. Linn. Soc. Lond. Sess. 133 (1921) p. 34 (Bradyodonti). 

5 A, Karpinski, Verhandl. Kais.-Russ. Min. Gesellsch. St. Petersb. ser. 2 
vol. xxxvi (1899) p, 361 (Helicoprion). i 

7 A.S, Woodward, Q. J. G.S. vol. lxxii (1916-17) p. 1 & pl. i (Hdestus). 

SR. H. Traquair, Geol. Mag. 1888, p. 83 (Tristychius). : 
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arranged in the usual transverse series, none being fused together 
into plates. Their crown is low and antero-posteriorly elongated, 
rounded at the ends, and usually widest and slightly elevated in 
the middle. The ganodentine (or ‘enamel’) is smooth, only 
marked sometimes by a median longitudinal ridge, which produces 
an acute median apex. The crown overhangs the root, which 
usually exceeds it in depth, is truncated below, and consists of 
vascular dentine of open texture. There are at least nine principal 
transverse series of teeth in the middle of each ramus of the jaw, 
remarkably uniform in shape, but some more strongly ridged than 
others. A few comparatively short teeth, with a tumid or rounded 
erown (fig. C), oceur in the symphysial region; and there are a 


Tristychius arcuatus Agassiz. 


A. Tristychius arcuatus Agassiz ; head and anterior portion of trunk, 
left side view, natural size.—Calciferous Sandstone; Hskdale 
(Dumfries-shire). [Royal Scottish Museum, Edinburgh. | br.= 
rays of branchial arch; d." d.2=spines of anterior and posterior 
dorsal fins; msp.=mesopterygium ; mtp.—metapterygium ; pel.= 
pectoral arch; r=radial cartilages of pectoral fin. 

. Do. ; some teeth of the principal series, x 10. 

. Do.; two anterior teeth, x 10. ; 

. Do.; denticle from the anterior border of the pectoral fin, X 5. 

. Do.; series of denticles from the posterior border of the pectoral fin ; 
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few series of very small, smooth, low, and elongated teeth behind 


inel ie ~p apex is clearly worn 
the principal series. In one tooth the sharp apex 1s clearl) 
oes mere vhombie flat surface. If the teeth were found isolated, 


they would be named either Helodus Agassiz or Lophodus 


Romanovsky. rs 
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Between the skull and the pectoral arch are seen a few hori- 
zontal bars of cartilage (b7.), which may be reg arded as some of 
the rays appended to the convex border of a branchial areh. 

In the axial skeleton of the trunk a vacant space shows that the 
notochord was persistent. The neural arches are stout, and in 
contact at their base; but most of them are seen to become slender 
distally. A few arches immediately behind the head seem to 
incline forwards, as in Pleuracanthus. No separate neural spine 
ean be distinguished. The ribs are short, and very slender, except 
at their expanded bases; they are longest in the middle of the 
abdominal region, as 1n ‘Hybodus. The short hemal arches in 
ne caudal region are obscure, but evidently taper distally. Among 

the bituminized remains of the soft parts of the trunk, mincele: 
fibres are observable, and traces of the Phos anaes contents of the 
alimentary canal overlap the ribs. 

The pectoral arch (pet.) is somewhat Ag ihed but one half is 
well shown. ‘This is widest at ite sharp median angulation where 
the pectoral fin would be attached ; and its ascending half is the 
more slender, tapering to the pointed upper end which is not 
segmented off. The pectoral fin of one side is well displayed, only 
slightly moved forwards, while that of the other side is disinte- 
ore ated, some of its scattered remains being seen above the back of 
the head. As alre: udy remarked by Traquair, it is supported by 
two basal cartilages, which may be identitied as mesopterygium 
(msp.) and metapter ygium (mtp.). They are relatively large, 
their leneth being not much less than half ‘the total length of the 
fin. The mesopterygium widens below by expansion backwards, 
so that its distal end is about twice as wide as its proximal end. 
It bears eight radial cartilages (7.), which are broad, closely 
apposed, and - rapidly increase in length from the first to the ‘seventh, 
which successively end in a pointed ¢ apex at the front border. The 
seventh cartilage seems to reach the extremity of the fin, and the 
tapering eighth cartilage is again shorter. It is not certain whether 
these cartilages are seg “mented, but they appear to be so at a few 
distant intervals. There are no free cartilages intercalated between 
their distal ends. The metapterygium is a comparatively narrow 
band of cartilage, not expanded distally , gently arched posteriorly, 
and touching the mesopterygium only at the proxunal and distal 
ends. It seems to bear three radial cartilages, which rapidly 
decrease in length at the hinder border. The hole fin is therefore 
very long and narrow, and probably ends in a point, with little or 
no membrane extending beyond the cartilages. Large recurved 
hooklets, in a close- -paired series, and all approximately equal in 
size, extend along its front border from the apex of its third radial 
cartilage to the distal end. Hach hooklet (fig. D, p. 339) is laterally 
compressed and covered with ganodentine : it is hollow, and fixed 
to an ovoid base of vascular dentine of very open texture. A single 
series of about nine smaller denticles with a blunt rounded apex 
(fig. E) also occurs on the hinder border of the fin along a narrow 
black stain, evidently dermal, fringing the proximal part of the 
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radial cartilages. Some of both these forms of denticles are seen 
among the remains of the second pectoral fin above the head; and 
several scattered hooklets, probably belonging to the same fin, are 
shown from various points of view among the remains of cartilage 
at the back of the jaws. - 

The anterior dorsal fin (d') arises immediately behind the 
pectoral arch, and its spine is only imperfect by the flaking-away 
of its exposed face in the basal half. his spine, as usual in 
Tristychius, is much laterally compressed and marked on the side 
of its distal half by three well-spaced longitudinal ridges of gano- 
dentine; the edge of its -hinder face bears a series of small 
depressed denticles. It is supported at its base by a triangular 
cartilage, much deeper than broad, which would be inserted in its 
posterior cleft. Distally there are bituminized remains of the 
fin-membrane, but no traces of radial cartilages. The posterior 
dorsal fin (d?), which is nearly as large as the anterior dorsal, is 
situated at the beginning of the caudal region. Its spine is also 
well-preserved only in the distal half, but it is clearly broader and 
more arched than the anterior spine. The three longitudinal 
ridges extending down its side from the apex are eventually supple- 
mented behind by a fourth ridge, which tapers as it ends upwards. 
The posterior: denticles have been broken away. The triangular 
basal cartilage is relatively broader than that of the anterior fin, 
and there are no traces either of radial cartilages or: of fin- 
membrane. The pelvic, anal, and caudal fins are lacking in the 
fossil. 

There are no remains of shagreen or other dermal armour. 


The Eskdale specimen now described is another example of a 
shark, the dorsal fin-spines and the teeth of which have received 
two distinct generic names. Tristychius, however, which is the 
name given to the spines, is the older, and should thus be used for 
the fossil; and I agree with Traquair that the species represented 
is almost certainly the typical 7. arcwatus Agassiz. 

The teeth, as already noted, are clearly Helodus-like, and would 
have been assigned by Agassiz to that provisional genus if he had 
found them isolated. They are, however, arranged in at least 
thirteen to sixteen transverse series in each ramus of the jaw, and 
thus much exceed in number those in the typical Helodus simplex 
Agassiz, from the English Coal Measures, which is proved by 
specimens in the John Ward Collection in the British Museum 
(Natural History) to be a Cochliodont, with pectoral fins quite 
different from those now described in Zristychius. The new 
specimen, indeed, justifies H. Romanovsky, L. G. de Koninek, and 
J. W. Davis! in removing from Helodus the comparatively narrow 
and deep-rooted teeth of the Helodont type such as those now 
made known, and in applying to them a distinct generic name 
(Lophodus), while referring them, with Orodus, to a shark of the 


1 J, W. Davis, Trans, Roy. Dublin Soe. ser. 2, vol. i (18838) p. 403. 
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Hybodont or Cestraciont group. The dentition of Zréstychius is 
essentially Hybodont, only the number of the transverse series of 
teeth slightly exceeds that in the typical Mesozoic Hybodonts, 
Hybodus, Acrodus, and Asteracanthus.: It is at least as great 
as the number in the jaw of the Carboniferous Edestid Agassz- 
zodus (or Campodus) variabilis.? The same form of dentition 
may have characterized other genera, for teeth of species of 
‘ Lophodus’ ave numerous in the Carboniferous Limestone, in 
which the fin-spine named Zristychius is replaced by other small 
fin-spines that must be regarded as generically distinct. 

The axial skeleton of the trunk, so’ far as preserved, with the 
peculiar elongation of the ribs in the middle of the abdominal 
region, likewise agrees with that of the typical Mesozoic Hybodont, 
Hybodus3 The pectoral fin, however, although possessing two 
basal cartilages, as in the case of many recent sharks (including 
Cestracion), is somewhat different from the two known pectoral 
fins of Hybodus,4 which exhibit a small propterygium articulating 
with the pectoral arch, and are provided with a large dermal ex- 
pansion beyond the radial cartilages. In the extent of the 
cartilages the pectoral of Tistychius suggests a more primitive 
arrangement ; but, unfortunately, it gives no clue to the mode of 
origin of the dibasal or tribasal fin. It makes no nearer approach 
to the parallel bars in the pectoral fin of the primitive Clado- 
selache; while the relatively small size of the metapterygium, 
with its radials, seems to negative the ordinary theory of the 
derivation of the modern Elasmobranch pectoral fin from a_bi- 
serial ‘archipterygium’ like that of the Palsozoie Pleuracanths. 


It must suffice, for the present, to conclude that sharks closely 
related to the Triassic and Jurassic Hybodus and to the succeeding 
Oestracion, with the dibasal mode of insertion of the pectoral fin, 
were already in existence at the beginning of the Carboniferous 


Period. 


1 A. S. Woodward, Catal. Foss. Fishes B.M. pt. i (1889) pp. 250-321. 
2 0. St. John & A. H. Worthen, Palzont. Illinois, vol. iv (1870) p. 318 & 
pl. viii. 

°C, Brown, Paleontographica, vol. xlvi (1900) p. 155; H. Koken, Geol. & 
Paliont. Abhandl. n. s. vol. v (1907) p. 270. 


+ ©. Brown, op. cit. p. 156; E. Koken, op. cit. p. 274. 
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14. On @ Recenrty Discoveren Breccera-Bep underlying 
NEcHELLS (Brrmryeuam), and its Renartons to the Rep 
Rocks of the Disrricr. By Prof. Wini1aM 8S. Bourton, 
D.Se., F.G.8. (Read January 28rd, 1924.) 
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For many years it has been known that certain breccias occur 
immediately below the Bunter in the Birmingham district, irre- 
spective of the well-known development in the Clent Hills and 
near Northfield, about 7 miles south-west of Birmingham. In 
1890 C. J. Gilbert described such breccias at the base of the 
Bunter Pebble-Beds in Sutton Park, 7 miles north of the city, and 
showed that they lie with pronounced unconformity upon red clays 
and sandstones, and are covered unconformably by the Bunter 
Pebble-Beds.!_ During the last ten years, my attention has been 
directed from time to time to similar occurrences at the base of 
the Bunter met with in borings for water in and around Birming- 
ham. In the recent re-mapping of the district by the Officers of 
the Geological Survey, a considerable development of these breccias 
has been noted, more especially at Hopwas, 2 miles west of 
Tamworth, and in the district round Little Aston and Streetly, a 
little to the north of Sutton Coldfield. Mr. G. Barrow has pro- 
posed the name Hopwas Breccia for these beds, and a description 
of them and their relationship to the Trias above and the Carboni- 
ferous below will be found in the recently published Lichfield 
Memoir.” 

It is evident, however, that the Geological Survey is still in 


1<The Geology of Sutton Coldfield’ (privately printed) 1890, and Geol. 
Mag. 1918, p. 232. 

2 ©The Geology of the Country around Lichfield’ Mem. Geol. Surv. 1919, 
pp. 122-29. ; 
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doubt as to the geological age of these rocks. In the Lichfield 
Memoir they are classed as Permian (2), and in the accompanying 
l-inch map they are bracketed with the Trias; while the relation 
of the Hopwas to the Clent Breccias is left an open question, 
although in the preface to the Memoir Sir Aubr ey Strahan states 
that the Hamstead Beds are ‘unconformably overlain by the 
Hopwas and Clent Breccias.’ ‘ 

During the past year a deep boring at the Nechells Gas- Works 
in Birmingham has vielded cnhomection ot considerable interest, 
which seems to throw new light on the significance and relations 
of these breccias, and possibly on the ‘ nae of the Midlands 
generally. 


I. Tue Necuetts Bortyne: DeEscriprion or tue Cores. 


This boring, put down in 1922 for a supply of water, is situated 
at Nechells Gaw orks, north-east of the city of Birmingham, and 
about 200 yards west of the Birmingham Fault, which runs north- 

east and south-west through the centre of Birmingham and brings 

down the Keuper Marls on the east against the Keuper $ Ca ydstone 
and Bunter Beds on the west (fig. 1, p. 844). From a consideration 
of the geology of the district immediately surrounding Nechells, as 
shown in outcrops and boring records, it was anticipated that the 
boring would pass through ‘about 300 feet of Keuper Sandstone 
and from 450 to 500 feet of Bunter rocks. The following are the 
details of the boring :— 


BorinG at NECHELLS GAs-WoRKS. 


Surface-level=329 feet O.D.; diameter of boring=18 inches. 


Description of strata. Thickness. Depth. 
Feet inches Feet inches 
Mader er oun Gy wanetecanticeer cet mceticen cen eis oui encisuiort i 0 1 0 
Gravelly. diritt sees ceomeqac cece deere treks vba s 54 6 55 6 


Red sandstone, coarse, open-textured, and some- 

what harder and browner in the lower part, with 

false bedding and clay-pellets 0 155 6 
‘Red marly reese he eee eee eee Spend ae. F 6 157 0 
Red sandstone, with occasional bands of shaly 

micaceous sandstone, and sandy shale near the 


USO eae et tec oer eroeele ete acar elepebstovecesaote Oistemea vn aTonsratopaval peeczaeta Ab 0 203 0 
Red and green shaly marl, mixed with sand ...... 9 0 212 0 
Riedisand stoned ees e oe eae eens 70 0 282 0 


Red sandstone, usually micaceous, with very occa- 
sional rounded and flattened pebbles; a few 
larger angular pebbles (1% inches across) at 


295 feet, and occasional chins at other horizons. 45 6 327 6 
(Base of the Keuper Sandstone.) 
Red marl, with partly rounded! cobbles of quartz- 
ite, and a portion of a larger angular mass of 
quartzites(l4>< 9 inches) 2. - 2 .cnenneacee soreness 12 6 340 0 


1 As explained later, the partial rounding is probably due to the grinding 
action of the boring tools for many days. 
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Description of strata. Thickness. Depth. 
Feet inches Feet inches 
Coarse breccia, with angular lumps of siliceous 
rock, some 9 inches across, and smaller chips of 
the same material, set in a red sandy marl- 


at bsg Som ee CPt str Aemieer wencroceracnabe cede raracs 23 0 363 0 
Dull-redumanriyscandsbOme wena ae ese eee ee eee 6 0 369 0 
Coarse breccia, with one angular lump measuring 

141110 inches, being part of a larger mass 

of hard siliceous sandstone ..................00665- 6 375 0 
Breccia, with layers of sandstone and finer breccia. 5 0 380 0 


Coarse breccia, with angular fragments 9 inches 


across in the lower 4 feet (trilobite-fragments). 10 0 390 0 
Dark-red crumbly sandstone smesecee see eeee 9 6 399 6 
Marly sandstone, with angular chips up to 4 or 5 

ACHES, ACTOSS -c.a en meme sm aetie ee ce eerie acme eee eee LO 6 416 
ied: SANdsbomeigere, sce ccpec saat eee creas ee et 0 418 0 
Very coarse breccia, with irregular lenticles of 

marls. and with lumps of hard sandstone up to 

Tul imGhes wOrOssi 7 gacteeee en eee renee rae 7 0 4.25 0 
Marly sandstone, with bands of fine and coarse 

FOTO CCID... isnt saniateaio mentee Mean nag enc Renemnaaates secre 5 0 430 0 
HOC Sad SbONeL cancers: Mee ete neR acter enuresis 7 0 437 0 
Sandstone, with breccia containing subangular 

TOG GIN Sale de MAREN Tee aes hone a ec aaun eee 3 0 44.0 0 


Coarse breccia, with lumps of Cambrian limestone 

containing Hyolithus, Coleoloides, and brachio- 

POUS neq ace cka tacretsn are cla Me Mewiaent ses naseeasa tinal 21 0 461 0 
Coarse breccia, with very angular green and grey 

quartzite, 6 and 8 inches across, and Cambrian 

rocks containing Salterella curvata, Coleoloides 

typicalis and Micromitra, in hard siliceous 

sandstone’. =...c°. stew. ina ee ee 5 0 466 0 
Calcareous sandstone, with much hematite staining 4 0 470 0 
Breccia, very coarse, with angular lumps and chips 

of red-purplish calcareous sandstone, often 

mottled green and red at about 437 feet, yielding 


Hayoluthaus and Micromitra .o....0c0.- 060s - se. ss oe 30 0 500 0 
Red sandstone, with rather rounded pebbles of 
grey-purplish sandstone, up to 7 inches across. 8 0 508 0 


Coarse breccia, with angular pebbles of marly 
sandstone (9X8 inches) containing Hyolithus, 
trilobite-fragments, Obolus, Strenuella, Micro- 


Histinipg OOUINNOUOK RENE | Seennsneouocane sendeecpoaesane 42 0 550 0 
Finer breccia, harder and more sandy ............... 16 0 566 0 
ot nal Feyne)ilcl a meron code onder rGvanti cs ondadenosaonteon manga nac 1 0 567 0 
Marly breccia: sa As esate cia th cussteg tot pee ae neraaas il Ginn) 583 0 
Compact breccia, with small calcareous fragments 

and larger siliceous chips set in calcareous sand- 

stone (Coleolovdes typicalts) ........00...0e..ssee see 20 0 603 0 
Coarse marly breccia, with stones up to 6 inches 

across, and more rounded limestone-fragments. 3 0 606 0 
Hard, red, non-calcareous sandstone, with bands 

of small angular fragments yielding Micromitra 

DIU ey apenas tes coewaceetcatnect nore eet ee ene 10 0 616 0 
Clayey non-calcareous sandstone, with thin bands 

of hard ‘sandstone \.,.:0..0s: a ence aern ec etee nee 3 0 619 0 
Hard sandstone, with bands of fine conglomerate, 

the pebbles red, yellow (calcareous), and green, 

with occasional large angular fragments ......... 12 0 631 0 
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Description of strata. Thickness. Depth. 
Feet inches Feet inches 
Dull-red, clayey, non-caleareous sandstone, with 
thin highly calcareous bands, ferruginons, 
weathering to a crumbly mass ..... 
Hard, pale-red, false-bedded, non- -calcareous sand- 
SUOMLG Hae meacat aren cisioathe caret om Ge Acme aot aalorashinectonbas 2 0 636 0 
Compact fine breccia, with occasional fragments 
up to 6 inches across, some of limestone. Dip 


0 634. 0 


co 


CANAD NS seek eRe AO ea Rs, eee ee See 8 0 644, 0 
Dull-red, fine, iron-stained conglomerate, with 

angular and partly-rounded fragments............ 2 6 646 6 
Hard grey sandstone 3 y 650 0 


Red, sandy, calcareous marl, with no pebbles or 

chips, and with occasional thin beds of calea- 

ROO LASAaN A SCONCH eres eMac een a 17 0 667 0 
Coarse breccia, with large angular lumps of calea- 

reous sandstone up to 9 inches, and very irre- 


aU Bel hypo HESY STOIET EON = 8c aan eee d same ericine hee con ae ARE 1 6 668 6 
Marl and laminated marly sandstone ............... 1 3 669 $) 
Coarse breccia with blocks of calcareous sandstone 7 3 677 0 


(Base of the Breccia.) 


Yellow-brown, porous, caleareous sandstone, with 

LUQET ATOR TE SRY ene daar Ge ARG eON ELE Rete moe ees nacre 5 0 682 0 
Dense jaspery conglomerate, with red, yellow, and 

green rounded pebbles of fairly uniform size 

(} inch across) in a sandy matrix, which is 

highly calcareous, especially in the lower 4 feet. 

The alignment of the pebbles and fracture- 


DIRGOSTULpScatia0on eet eee wre eee a a 0 G89 0 
Dark-red calcareous marl, weathering rapidly ... 14 0 703 0 
Hard, red, caleareous sandstone, the lower part 

variegated red and green ...... 9 0 712 0 


[ Below 712 feet, the ose was stopped i in dull- 
red marly material, from which no cores were 
drawn. | 


I. THe GenerRAL SEQUENCE OF THE BEDS REPRESENTED 
IN THE Cores. 


The sandstones, down to a depth of 3274 feet, seem to answer 
to the Keuper Sandstones of the Birmingham district, and no 
break in them can be detected. A few small rounded pebbles 
of quartzite and vein-quartz oceur; and in the lower 150 feet 
scattered small angular chips of quartzite, up to 6 inches across. 
A 9-foot bed of mottled green and red marl comes in between 203 
and 212 feet, and at 156 feet a bed of marl 18 inches thick. The 
thin interbedded marls of Keuper type, the highly micaceous 
sandstone-bands, and the frequent clay-pellety bands or isolated 
flattened clay-pellets, together with the dull-red colour of the 
sandstone, all point to Keuper rather than to Bunter rocks. 

From a depth of 8274 to 340 feet no core was drawn, the 
boring tool churning and grinding the large siliceous blocks or 
cobbles i in the red marly matrix for many days. It was when the 
boring reached this depth that my attention was first directed 
to it. From a depth of 3273 to 677 feet ( practically 350 feet) 
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the rocks have a general resemblance, and may be regarded as & 
lithological unit. They are essentially breccias, sometimes very 
coarse, with remarkably angular lumps up to a foot or more 
across, and in some eases evidently portions of much larger 
boulders cut through by the boring. In other parts the breccia 1s 
much finer, and thin beds of sandstone and marl are intercalated 
throughout. 

At 677 feet a -change sets in, and no breceia is found below 
that depth, but the rocks are calcareous yellow-brown sandstone, 
dark-red highly caleareous marl, and a 7-foot conglomerate, with 
pebbles of red and green chert, usually about three-quarters of an 
inch across, set in calcareous sandstone, with much secondary 
calcite in places round the pebbles. : 

When a dip is observable, it is small (8° to 5°) in the breccia, 
but about 20° in the underlying Conglomerate Group. 

The conglomerate (682 to 689 feet) has all the usual 
characters of the conglomerates of the district which occur in the 
Hamstead Beds (Mr. Wickham King’s Middle Permian or 
Calcareous Conglomerate Group) extending from Brand 
Hall, near Quinton northwards to Great Barr Vicarage and 
beyond, and along the western fringe of the South Staffordshire 
Coalfield. 

I have recently examined these conglomerates in detail, with 
the view of fixing the age of the beds below the breccia in the 
Nechells Boring. 

At Hamstead Quarry (4 miles north-west of Birmingham) 
the pebbles are rounded, often flattened, up to 3 inches across, 
and occur in coarse lenticles in calcareous sandstone. In some 
places 60 per cent. of the pebbles consist of limestone, with 
Carboniferous Limestone fossils, the remainder being red and 
yellow chert, cherty limestone and quartzite, with occasional 
pebbles of rhyolite, ete. At other places caleareous pebbles are 
practically absent, especially in the upper part of the conglomerate 
of the quarry, and the red, jaspery, and yellow cherts make up 
practically the whole of the pebbles. 

At the Hilton Shaft Sinking, 44 miles north of Wolver- 
hampton, now being carried out by the Holly Bank Coal Company, 
Hamstead Beds are being excavated (November 1922), and a 
conglomerate, 57 feet thick, occurs from 5274 to 5844 feet in 
the shaft. It is made up of well-rounded pebbles, sometimes 
flattened, up to 8 inches across, embedded in a calcareous sandstone 
base. In the upper part the pebbles are rather smaller, and 
consist of red and yellow chert and grey quartzite, with very few 
limestone-pebbles. In the lower part the pebbles are larger, and 
nearly 50 per cent. are caleareous, the remainder being yellow, red, 
grey, and black cherts, with a few of quartzite, calcareous sand- 
stone, ete. Much of the limestone of these pebbles is fine-grained 
and cream-coloured, sometimes oolitic, and crinoid-fragments are 
common. The conglomerate is covered by red-brown sandstones 
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and marls with thin seams of pebbles and scattered pebbles, and is 
underlain by red marls. 

There are no characters of the conglomerate in the Nechells 
Boring that cannot be matched in the conglomer ‘ates of the Ham- 
stead Bede of the district, and the accompanying dull-red 


caleareous sandstones and marls are equally characteristic of this 
group.! - 


LLL. Tre Necuenrs Brecctra. 


The foregoing description of the cores of the boring shows that 
the breecia varies at different depths, being sometimes - ver vr 
coarse, and then the sharp angular lumps are invariably grey 
quartzite of Lickey type; sometimes the breccia is of the usual 
Clent type, with a marly matrix. In the lower part, as between 
667 and 677 feet, the large lumps of calcareous sandstone up to 
9 inches across are confusedly arranged, and appear to be derived 
from the underlying caleareous sandstones of the Hamstead Beds, 
to which the lumps have a close resemblance. ‘There are also 
lumps of conglomerate with embedded red and yellow cherty 
pebbles, evidently derived from the conglomerate, or one very like 
it, which occurs a few feet below the base of the breecia in the 
boring. Occasional rounded and flattened pebbles of yellow 
calcareous chert of Carboniferous age occur, but of more interest 
are the lumps of Cambrian fossiliferous limestones. 

The rocks containing Cambrian fossils occur from about 390 to 
616 feet, but mainly from 450 to 550 feet in the boring. ‘They 
arrested my attention at a first inspection of the cores. as being 
very like the red calcareous Hyolithus Beds in the Woodlands 
Quarry (Hartshill) at the summit of the Hartshill Quartzite, north 
of Nuneaton. They are purplish-red, or mottled red-and-green, 
highly calcareous, sandy rocks. Circular and elliptic sections of 
the whitish shells of Hyolithus and the slender tapering shells 
of Coleoloides were distinguishable on the surface of some of the 
lumps, and, when a large number of them were broken open, 
Cambrian brachiopods and fragments of trilobites were recognized. 
Mr. E. 8. Cobbold has very kindly examined some of the fossils in 
these blocks in the breccia, and they prove the Lower Cambrian 
age of the material.’ 

The horizon of these fossils is just below that of the Olenellus 
Limestone at Comley in Shropshire (see Appendix, p. 369). 


1 If the conglomerate under the Nechells Breccia be regarded as roughly 
equivalent to the conglomerate in Hamstead New Quarry, the depth at which 
the Thick Coal of South Staffordshire occurs under Birmingham would be 
about 2600 feet. The facts and inferences embodied in me present paper, 
however, suggest graye doubt whether the Thick Coal Group was ever 
deposited i in the immediate area of Birmingham. 

2 At my suggestion, a fossil collector of the Geological Survey has also 
searched the cores for additional fossils; these were submitted to Mr, 
Cobbold, and are dealt with in the Appendix. 
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Yegarded as a whole, the lower part of the breccia consists 
mainly of material derived from the Hamstead Beds, the middle 
part of material from the Lower Cambrian Limestone and 
Quartzite, while the upper part is almost entirely composed of 
blocks of Cambrian Quartzite and highly decomposed 1gneous 
rocks, some basic, others felsitic of Uriconian type, while yet others 


have a general resemblance to Torridonian voleanic erits. 


(1) Origin of the Nechells Breccia. 


The large size and remarkably angular shapes of many of the 
lumps in this breccia, and the absence of rounded pebbles (except 
in the included lumps of pre-Breccia conglomerate) point unmis- 

takably to the local derivation of the material. Some 43 miles 
north-west of Nechells, quartzite of Lickey type was encountered 
in shatt-sinking for coal at a depth of 450 yards, overlain by 
barren red measures; and, near by, Silurian rocks were met with 
at a depth of 360 yards from the surface. 

The old land-surface from which the bulk of the material of the 
Nechells Breccia was derived is doubtless connected with this same 
buried ridge encountered in the colliery-workings on the north- 
west. But the actual source of the Breccia-material probably lay 
to the south-east, for which there is confirmatory evidence when 
we consider other breccia-deposits related to the Nechells Breccia. 
The rocky floor upon which that breccia rests appears to consist 
of Hamstead Beds, with possibly some Keele Beds, resting uncon- 
formably on Cambrian and pre-Cambrian rocks. As denudation 
proceeded, progressively older rocks yielded their fragments and 
angular blocks to the accumulation of screes : pid as we pass from 
the lower to the upper part of the breccia-cores, the lumps of 
calcareous sandstone of the Hamstead Beds give ae to Cambrian 
limestone and quartzite, and in the upper part nearly all the 
material is quartzite, with subordinate fragments of decomposed 
igneous rocks s, and voleanic grits of Uriconian type. 

There is a notable absence of fossiliferous Llandovery sandstone 
and Silurian limestone, which are so common in the coarse breccias 
of Northfield and the Clent Hills, and only very occasionally do 
we find small round and flattened yellowish pebbles of Carboni- 
ferous crinoidal limestone, derived probably from the conglomerates 
of the underlying Hamstead Beds. 

While the great bulk of the Breccia is in the nature of an 
accumulation of coarse screes deposited on dry land, there are 
intermittent depositions of sandstone and marl, obviously laid 
down in water, and it is possible that some of the finer breccia- 
bands were also swept down from the hill-slopes by flood-waters. 
The surfaces of the sandstone- and marl-bands in the Breccia are 
sometimes irregularly eroded, and then followed abruptly by 
breccia. 
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(2) Age and Relationship of the Breccia. 


Difficulties arise when we attempt to fix the precise age of the 
Nechells Breccia. That it rests unconformably on the Hamstead 
Beds seems highly probable, because of the blocks of material in 
the lower part of the Breccia derived from the Hamstead Beds, 
and the higher dip of the Hamstead Beds below. Again, the 
Keuper Sandstone appears to rest unconformably upon the Brecei 1a. 
The actual junction could not be seen in the cores of the boring, 
because, as explained above, no cores were obtained of the first 
12 feet of the very coarse breccia. But, in the Birmingham district 
generally, the Keuper Sandstone passes down into the Bunter 
Sandstone, although evidence is not wanting of some overlap of 
the Keuper. 

Thus the Breccia occupies the stratigraphical position of a large 
part of the Bunter Sandstone and Pebble-Beds in adjacent areas, 
being somewhat less in thickness than that of the Bunter rocks 
expected at the site of the boring, when we have regard to the 
known thickness of the Bunter in other borings in this district. 

The Breccia cannot very well be regarded as the basal part of 
the Keuper, for that would involve a great depression in the 
Bunter rocks to a depth of some 350 feet in the Nechells area, and 
the filling-up of the hollow with breccia-material. 

The question arises, therefore, whether the Breccia is of Bunter 
age (a local breccia representative of the Upper Bunter Sandstone 
and Pebble-Beds), or whether it is Permian: that is, of the age, 
as hitherto understood, of the Clent and Northfield Breccias. In 
the latter case the Bunter must be thought of as thinning out 
against a bank of breccia (fig. 1, p. 344). Up-faulting of the 
breccia at Nechells does not seem a likely explanation, for it would 
imply that the faulting occurred between Bunter and Keuper times 
and that subsequent to the faulting nearly 500 feet of Bunter 
rocks were swept off the Breccia before the Keuper Sandstone 
was deposited. 

Perhaps the most obvious analogue is the Hopwas Breccia, 
originally noted and described by “Gilbert below the base of the 
Pebble-Beds in Sutton Park, 7 miles north of Birmingham, and 
met with in borings for water at the base of the Pebble-Beds in 
and around Birmingham. In recent years it has been mapped and 
described by the Geological Survey in the Lichfield area. 

At Hopwas, 2 miles west of Tamworth, it underlies the Pebble- 
Beds, and rests upon the Hamstead Beds, containing a calcareous 
cherty conglomerate as at Nechells. The same breccia occurs in 
the neighbourhood of Streetly and Four Oaks, where it attains a 
thickness of at least 100 feet, and consists mainly, as at Nechells, 
of large angular blocks of quartzite.! 

It is known that the Hopwas Breccia is very inconstant in 
lateral extent and in thickness, sometimes being entirely absent. 


1¢The Geology of the Country around Lichfield’ Mem. Geol. Surv. 1919, 
p. 126. 
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In this connexion two trial-borings recently put down by the 
South Staffordshire Waterworks Company are of interest. 

The first is at Little Hay, about a third of a mile north of the 
Inn and near Black Brook, and about a mile south-east of Shen- 
stone. Here the base of the Pebble-Beds is 154 feet from the 
surface, the last 3 feet consisting of a hard siliceous breccia, 
presumably the equivalent of the Hopwas Breccia (see p. 363). 
From 154 to 191 feet, the base of the boring, the rocks are dark- 
red marls with occasional thin bands of red sandstone, and belong 
to the Hamstead Group. 

In the second boring at Sandhills, three-quarters of a mile 
north-east of Shire Oak, in the Brownhills district, the base of the 
Pebble-Beds was reached at a depth of 393 feet from the surface, 
resting upon the Hamstead Beds, no Hopwas Breccia intervening. 

In the City of Birmingham a breccia underlying the Pebble- 
Beds proper has been met with in several borings for water. Thus 
at Hockley Station, 2+ miles west of Nechells, the Great Western 
Railway Company put down a boring in 1915-16 to a depth of 
614 feet, the bottom 12 inches of which was a fine breccia in 
marls of Warley type. 

At Aston Cross, 1L00 yards west of Nechells, a boring through 
the Bunter Sandstone and Pebble-Beds to a depth of 658 feet 
probably penetrated a breccia of Hopwas type from 588 to 622 
feet. I did not see this breccia myself, but the late Prof. Charles 
Lapworth made a note that the material was Hopwas Breccia. 
At John Davenport & Son’s Brewery in Bath Row, Birmingham, 
2+ miles south-west of Nechells, a boring recently completed 
entered a breccia with subangular and angular pieces of Lickey 
Quartzite at a depth of 666 feet, which continued, with an inter- 
calated band of sandstone 83 feet thick, to the bottom at a depth 
of 678 feet. 

It is highly probable that the Breccia has been reached in 
other borings for water in and around Birmingham; but, 
unfortunately, the cores in many cases have not been examined by 
a geologist, and no reliable record has been taken. It is 
significant that the Nechells Breccia was recorded by the boring- 
foreman as ‘Conglomerate with Marl’, and the same description 
has been given by the borers for the lower parts of certain other 
borings where one might expect the Breccia to be encountered, as, 
for example, at the Windsor Street Gas- Works, about 1200 yards 
west-south-west of the Nechells boring and between the depth of 
504 and 598 feet. At Hughes, Stubbs Metal Company’s Works, 
1040 yards due north of the Nechells boring, a boring carried 
to a depth of 350 feet probably passed through coarse breccia 
from about 295 feet to the bottom. Mr. Roberts, of Isler & Co., 
assures me that the material was coarse and angular and like the 
breccia at Nechells. It was described in the boring journal by the 
driller (the same who conducted the boring at Nechells) as ‘Con- 
elomerate with Marl’, ‘ Conglomerate-boulders ’, ‘ Conglomerate 
with red stones’. ‘This boring started in the lower part of the 
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Keuper Sandstone, and the upper part of the Pebble-Beds is 
here resting upon the Breccia. Thus the buried breccia-bank 
probably extends northwards from Nechells for at least three- 
quarters of a mile, at about the same depth from the surface, but 
gets much deeper westwards (fig. 1, p. 344). Taking into account 
the borings referred to in the vicinity of Nechells, the evidence 
points to a thinning-out of the Bunter Sandstone and Pebble- 
Beds as the Nechells breccia-bank is approached from the north- 
west and west, and, in consequence, the upper sandstones of the 
Bunter would appear to overlap the Pebble-Beds, while the Keuper 
Sandstone overlaps the Bunter and completely blankets the 
Breccia (fig. 1). 

Deep borings for water in Birmingham usually stop when the 
Breeeia is reached, so that we rarely have a chance of estimating 
the thickness of the Breccia and the nature of the underlying 
rocks. Only in the case of the Nechells boring has the Breccia 
been certainly passed through to its base and beyond. 

It is clear that, underlying part of Birmingham, perhaps the 
greater part, there exists below the Pebble-Beds a coarse breccia 
of thickness unknown, except at Nechells, where it has been 
proved to be 350 feet thick. In general characters it agrees with 
the Hopwas Breccia of the Sutton—-Streetly area. At Hopwas 
itself, nearly half the fragments in the breccia are well-rounded 
limestone-pebbles, embedded in a matrix of breccia with very 
angular quartzite-chips, whereas in the Nechells Breccia such 
rounded pebbles are almost absent. These waterworn pebbles of 
Carboniferous Limestone at Hopwas, as well as the few which 
occur in the Breccia at Nechells, were possibly derived from the 
disintegration of the calcareous conglomerates of the underlying 
Hamstead Beds, and were therefore not rounded in the Breccia 
period. 


TV. Renation oF THE Hopwas BRECCIA TO THE 
Curent BREcCIA. 


Again, much of the Nechells Breccia has a close resemblance to: 
the Clent and Northfield Breccias, which are uncontormably 
overlain by Bunter Pebble-Beds and rest upon rocks that have 
hitherto been classed as Middle Permian or Hamstead Beds. 
This raises the question—What is the relation of the 
Hopwas Breccia to the Clent and Northfield Breccias? 

As already stated, the Geological Survey has up to the present 
left the matter open. Thus the Hopwas Breccia is described 
as of doubtful Permian age in the Lichfield Memoir, and placed 
as a basal bed of the Trias in the accompanying map. The 
Clent Breccia was classed as the Upper division (D) of the Mid- 
land Permian by Mr. W. Wickham King.! In the Summary of 
Progress of the Geological Survey for 1920, p. 14, in reference to 


1 Q. J.G.S. vol. lv (1899) p. 103. 
Q. J. G.S. No. 319. 2B 
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‘the red rocks succeeding the Halesowen Sandstones and uncon- 
formably overlain by the. Trias,’ it is stated that ‘In the South 
Staffordshire district, as in other areas in the Midlands, it is 
becoming increasingly clear that the whole of these beds must 
be relegated to the Carboniferous System,’ and, referring to the 
Clent Breccia (op. cit. p. 15): ‘Up to the present the evidence is 
in favour of general concordance between the breccia and the beds 
below, while the relation between it and the overlying Trias is one 
of marked unconformity.’ 

In the Summary of Progress for 1914 (p. 23), however, the 
following reference is made to the last work in this district carried 
out by the late C. H. Cunnington :— 


‘It appears that the well-known Clent Breccia at the base of the Bunter 
is stratigraphically separable from the underlying ‘“ so-called”’ Permian, and 
is in many respects comparable to the Hopwas Breccia of the Tamworth 
district. In this connection it is of importance to note the occurrence in 
some borings at Saltley of similar breccias below the Bunter Conglomerate, 
which thus form a connecting-link between those of Clent, Sutton Coldfield, 
and Hopwas.’ 


Further, as already noted, Sir Aubrey Strahan, in his preface to 
the Lichfield Memoir, states that the Hamstead Beds are ‘ uncon- 
formably overlain by the Hopwas and Clent Breceias.’ It would 
thus appear that a few years ago the officers of the Geological 
Survey were disposed to admit a close connexion between the 
Hopwas and Clent Breccias, and recognized a stratigraphical break 
between both these breccias and the beds upon which they rest; 
but that now they are inclined to group the Hopwas Breccia 
with the Trias, recognizing that the breccia rests upon very dif- 
ferent horizons of the Hamstead and Keele Beds in the different 
localities where it occurs. 

The Clent Breccia, including that in the Northfield area, they 
now regard as apparently conformable with the red marls and 
sandstones below, and the whole is brought into the Carboniferous. 
Thus, on this interpretation, the Clent Breccia is much older than 
the Hopwas Breccia, the one being Carboniferous, the other Triassic, 
and presumably separated by the period of great crustal disturbance 
which so profoundly affected the Carboniferous and older rocks 
before the Trias was deposited. It is clear that, if this interpre- 
tation proves to be correct and fully supported Oy the facts, it will 
mean that the assimilation of the so-called ‘ Permian’ rocks of the 
Midlands to the Carboniferous, which began with the inclusion of 
the Keele Beds of North Staffordshire, is now complete. If the 
Hopwas Breccia is regarded as a basentiont: bed of the Trias, and 
the Clent Breccia is included in the Carboniferous, nothing 
remains in the Midlands that can be properly called ‘ Permian’. 


The Hopwas Breccia, as already noted, rests unconformably 
on the beds below, as shown by Gilbert in Sutton Park, and by 
the Geological Survey in other parts of the Lichfield-Sutton 
district. If we take a wider survey, we find that similar breccias 
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in Leicestershire, admirably described by the late H. T. Brown,} 
rest upon Middle Coal Measures. Near Polesworth, on the 
north-eastern margin of the Warwickshire Coalfield, a thick 
calcareous breccia underlies the Pebble-Beds, and rests uncon- 
formably upon Keele Beds. In North Staffordshire a caleareous 
breccia at the base of the Bunter lies upon a low part of the 
Middle Coal Measures (doc. czt.). The Nechells Breccia, as already 
explained, lies unconformably upon the Hamstead Beds. , 

In all these cases the breccias are unaffected by the pre-Triassie 
movements, and are more nearly related stratigraphically to the 
Trias than to the underlying rocks. 

As regards their relationship to the Trias, there is abundant 
evidence that the breccias have been eroded in many places, 
previous to the deposition of the Bunter*®; and, because of 
the thinning-out and disappearance of the breccias, the Tyrias 
frequently overlaps them, and rests directly upon Carboniferous 
or older rocks. 

Again, when we consider the great thickness of these breccias 
in some areas (as at Nechells), their entire absence in others, 
their frequently coarse character, with sharp angular blocks a foot 
or more across, we are compelled to assume that they were derived 
directly from solid rocks 72 sztz not far removed from the place 
where the breccia now rests. There is no evidence that they 
were derived from a previously-formed and older breccia. They 
should be regarded, therefore, as a breccia-formation 
of post-Carboniferous and pre-Triassic age, although 
not necessarily separated from the Trias by a great time-break. 


V. Tue UNCONFORMITY AT THE BASE oF THE CLENT BRECCIA. 


In the Clent—Lickey—Frankley area, forming the southern 
fringe of the South Staffordshire Coalfield, the succession from 
the Halesowen Sandstone upwards to the base of the Pebble-Beds 
has hitherto been regarded as a conformable sequence, except for 
the statement in regard to the breccia by C. H. Cunnington and 
Sir Aubrey Strahan already cited. The breccia, admirably described 
by Mr. W. Wickham King,* has a maximum thickness of about 
450 feet, crops out over an area of 6 square miles, and is underlain 
by a series of red marls containing thin bands of Spzrorb/s Lime- 
stone, with subordinate sandstones and cornstones. Mr. Wickham 
King called the red marls at the base, resting on the Halesowen 
Beds, Lower Permian Red Marls, and they are now recog- 
nized by him and the Geological Survey as equivalent to the 
Keele Beds of North Staffordshire. Above them come what he 


1<On the Permian Rocks of the Leicester Coalfield’ Q.J.G.S. vol. xlv 


(1889) p. 1. ; : 
2 ‘Geology of the Country around Lichfield’ Mem. Geol. Surv. 1919, p. 122. 


3 Tbid. p. 126. ] ne . 
4 Q.J.G.8. vol. lv (1899) p. 112; ‘Midland Naturalist’ vol. xvi (1893) 


pp. 25-27. 
2B 2 
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then called ‘Middle Permian’, having a thickness of 295 feet at 
Clent Hill, and subdivided as follows, in descending order ! :— 


Thickness in feet. 


Marls and one thin band of sandstone ...........)....00ds000s 50 
(Olay astey faya(ot ny eee eee RE RNC IN Me, pm taanN Stato pen cease er, 10 
Marls, and 3 to 4 feet of brown sandstone .................. 100 
Corn shone ic) ces be ict heen woe Sogn hers aeech tn taratei ties 10 
a Eyal te ee RCE ee RENESAS oF Pome ee ait) onal fend 8 100 
Cornstone, and more or less calcareous red sandstone ... 25 

otal area 295 


Inconstant outcrops of thin bands of bluish-grey Spzrorbis 
Limestone were described by Mr. 'T. C. Cantrill? at about 50, 250, 
and 450 feet above the base of the Keele Beds. On the assumption 
that the Clent Breccia is conformable to the beds below, he 
contended that this discovery proved the Carboniferous age of the 
‘Middle Permian’ (or Hamstead Beds) of Wickham King, since 
the highest of these bands of Spzrorbis Limestone at Frankley is 
only a few feet below the base of the breccia. Spirorbis Lime- 
stone has been found since at other places in the district.* 

My own work in this area has convinced me that the Clent 
Breccia is separated from the underlying rocks by a considerable 
unconformity. 

In the general succession from the base of the Keele to the 
Breccia set out in fig. 2 (p. 357), the Hunnington Sandstone and 
the Romsley Sandstone, especially, with their intervening crimson 
marls containing one or more bands of Spzrorbis Limestone, can 
be mapped over the greater part of the area from Frankley to 
Clent, and give a clue to the geological structure. 

Reference to the sections (Pl. XXV) will show that the base 
of the Breccia does not maintain a constant horizon, but oversteps 
successive beds of the underlying series. Thus, at Merritt’s Hill, 
the Northfield Breccia is resting on marls with Spirorbis Lime- 
stone, which are not far below the Romsley Sandstone‘; at Beacon 
Hill, south of Rubery, the Breccia is resting on beds about 20 feet 
above a sandstone which is the equivalent of the Hunnington 
Sandstone. There appears to be a continuous upward passage, 
without any evidence of faulting, from the Halesowen clays at 
Rubery into the Keele red clay with a calcareous sandstone which 
corresponds in position and character to the Hunnington Caleareous 


1 Oo. Gas. vol. ly (1899) py LT; 

2 Geol. Mag. 1909, p. 447. 

3-*Summary of Progress of the Geological Survey for 1920’ Mem. Geol. 
Surv. 1921, p. 15. 

+ [Two wells recently dug (August 1924) at Merritt’s Hill, one in the marls 
with Spirorbis Limestone, and the other about 65 yards to the east, dug in the 
Breccia, show that the junction between the marls and the Breccia is faulted 
at this place; for the base of the latter is at least 80 feet deep, some 50 feet 
from the junction. But the boundary, when followed north and south from 
Merritt’s Hill, bends eastward, leaving this small fault, and the junction 
between the Breccia and the marls then becomes normal. | 


ne : 

Fig. 2.—General succession of the 
beds in the Clent-Lickey area, 
on the scale of 100 feet to the 
ech, 


Breccia. 


Red Mars. 


Caleareous Sandstone, 
Red Marls. 


Calcareous Sandstone. 


Red Marls. 


Romsley Sandstone. 


Spirorbis Limestone. 


Crimson Marls. 


Hunnington Sandstone. 


Hunnington Calcareous 
Bed. 


Red Marls. 


Base of Keele Group. 


Yellow, blue, and red 
clay and flags. 


 Iley Spirorbis 
Limestone. 


Spirorbis Limestone (?). 


Bed, followed about 50 feet 
higher by a sandstone which 
is taken as the equivalent of 
the Hunnington Sandstone. 
At the Holy Well west of the 
Bromsgrove Road, it is on the 
marls whieh underlie the 
Hunnington Sandstone, and 
hereabouts is not more than 
about 70 feet from the base 
of the Keele. As we pass 
north-westwards, the Breccia 
at Waseley Hill is seen to rest 
on caleareous sandstones which 
lie above the Romsley Sand- 
stone, and at Dayhouse Farm 
it overlies the Romsley Sand- 
stone itself. The outlier of 
breecia at Frankley Upper 
Beaches rests upon the Roms- 
ley Sandstone and marls which 
immediately overlie it. <A 
similar overstep is traceable 
as the breccia is followed 
farther west, past Romsley 
and Walton Hill to Clent Hill, 
where it is resting on coarse 
caleareous sandstones, some 
250 feet above the Romsley 
Sandstone. 

Thus, from near Rubery to 
Clent Hill, the base of the 
Breccia oversteps the under- 
lying beds through a vertical 
thickness of about 500 feet, 
nearly the entire range of the 
Keele Beds as exposed in the 
area. 

This overstep is well shown 
where short and steep trans- 
verse valleys cross the breccia- 
belt, as in Clatterbach, be- 
tween Clent Hill and Walton 
Hill; and between Walton 
Hill and Romsley Hill. In 
these valleys, the base of the 
Breccia is dipping more steeply 
than the underlying beds ; in- 
deed, in some places, owing to 
gentle folding, the latter have 
a northward or north-eastward 
dip, so that the base of the 
Breccia oversteps on to lower 
horizons as it is traced south- 
wards. 

The structure of the district 
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as revealed by mapping the different members of the Keele Beds 
brings out a series of gentle folds. In the Frankley—Rubery area, 
the axes of the folds run east-north-east and west-south-west, 
while in the Clent area the dominant direction is west-north-west 
and east-south-east. Denudation which accompanied and followed 
this up-folding and faulting was sufficient in the Lickey area to 
remove nearly the whole of the Keele Series before the Breccia 
was laid down. 

The main faults arrange themselves in two groups, one trending 
north-east and south-west, and the other nearly north and south 
in the Lickey area, but swinging round to a north-north-easterly 
direction in the Clent area. ‘The faulting is complicated by post- 
Triassic movements, and some of the pre-Breccia faults were 
doubtless intensified by them. 

Whether the Caleareous Conglomerate Group is represented in 
the Clent—Lickey area is uncertain. No calcareous conglomerates 
similar to those found farther north are exposed; but it may be 
that the highly caleareous coarse sandstones, with occasional very 
small, rounded, jaspery pebbles, which occur at the top of the 
succession, as at Clent Hill, are equivalent to part of the group, 
although they are not essentially different from some sandstones 
which occur lower down in the Keele Series.! 

The breccias in the Clent—Northfield area are covered uncon- 
formably, and overlapped by, the Pebble-Beds, as in the case of 
the Hopwas Breccia. 

It is now known that the Clent Breccia extends much farther 
south than the southern margin of its outcrop; for, in a boring 
for water at Burcot, near Bromsgrove, 24 miles south, which 
passed through the Upper Bunter Sandstone and Pebble-Beds, the 
breccia was struck at a depth of 633 feet and continued to a total 
depth of 800 feet, with a dip of about 85°. The fragments 
embedded in a sandy rather than a marly matrix are coarse, up to 
a foot across, and very angular, consisting mostly of fine and 
coarse felspathic voleanic ash, rhyolite, vesicular basic rock, red 
voleanic grits of Torridonian type, and vein-quartz, with an absence 
of quartzite and Llandovery rocks, which are so common in the 
Clent and Northfield Breccias. There are no intercalated beds of 
sandstone or marl.? Thus, coarse breccias of much the same type, 
resting unconformably, where their base is known, upon different 
horizons of the Hamstead and Keele Groups, and covered uncon- 
formably by the Bunter Pebble-Beds or Upper Bunter Sandstone 


1 Since I gave Mr. W. King an outline of my evidence for the unconformity 
at the base of the Clent Breccia, he has informed me that, after a thorough 
re-examination of the ground, he has modified the interpretation which he 
published in 1899; and he agrees that the Middle Permian (Caleareous Con- 
glomerate Group) is absent, except for about 50 feet at the north-eastern end 
of Clent Hill, and perhaps 20 to 30 feet at the northern end of Romsley. He 
also agrees that the unconformity at the base of the breccia is considerable. 
iA 2 ul am indebted to Mr. Wickham King for some particulars of the Burcot 

oring 
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(except at Nechells, where they are covered by the Keuper Sand- 
stone), occur along a belt of country extending from Hopwas, 
near ‘Tamworth on the north, to Bureot, near Bromsgrove, 
25 miles away to the south-south-west. The thickness and nature 
of the breccia-material along this belt are as follows :— 


Thickness 
Locality. an feet. Nature of breccia-material. 
Hopwas. 60 Carboniferous Limestone 40 per cent., 
Cambrian quartzite and Silurian 
sandstones, and highly decomposed 
igneous rocks. 

Streetly and 100 Mainly Cambrian quartzite, with sand- 

Mere Green. stone, igneous rocks, and a few lime- 
stone-pebbles. 

Nechells. 350 Mainly Cambrian quartzite, with Cam- 
brian limestone, Carboniferous 
sandstones, igneous rocks, etc. 

Northfield. 350 Cambrian quartzite and much Silurian 
limestone and sandstone ; volcanic 
ash. 

Clent. 450 Cambrian quartzite, Llandovery sand- 
stone, acid and basic volcanic 
rocks. 

Burcot. 170+ Voleanic lavas and ashes, grits and 


flaggy rocks. 


In the northern part of the area the breccia thins away west- 
ward and disappears, while in general it thickens and becomes 
coarser on the south and east. In the Hopwas area, the materials 
ot the breccia consist mainly of the limestone-pebbles and detritus 
from the underlying Hamstead Beds; in the Streetly-Four Oaks 
area a few miles away to the south, the Cambrian quartzite of the 
ancient floor has contributed directly to the breccia; at Nechells, 
the lower part of the breccia is made up chiefly of material from 
the underlying Hamstead Beds, while the middle and upper 
portion has been derived directly from the Cambrian and, to a 
smaller extent, pre-Cambrian floor. 

In the Northfield—Clent area, Silurian as well as Cambrian and 
pre-Cambrian rocks have by their denudation yielded material, 
while in the extreme south at Burcot, the rocks in the breccia are 
practically all pre-Cambrian voleanics and voleanic grits. 

From the foregoing facts we seem to obtain a glimpse of an 
ancient ridge or hill-range of Lickey type situated east of the 
Birmingham Fault, and extending in a southward direction from 
the River ame north-west of Tamworth, past Sutton Coldfield, 
Birmingham, and Northfield, and thence to the east and south of 
the Lickey Hills. It is not suggested that the range had an axial 
trend north-east and south-west, parallel to this fault. It was 
probably a very irregular and rugged upland, with its main fold- 
lines north-west and south-east, or Charnian in direction.! 

The Permian Breccias of North Warwickshire (Polesworth) 


1 See W. Wickham King, Q. J. G.S. vol. lv (1899) p. 127. 
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and those fringing the Leicestershire Coalfield are probably a north- 
ward continuation of the breccia group now under consideration. 
Throughout the whole stretch of country, upwards of 40 miles in 
ler noth from north-east to south-west, the breccia deposits are very 
variable in thickness, and are absent in places ; but throughout 
they have the same general characters, being always uncontorm- 
able to the rocks below and covered unconformably by the Trias 
above. At no place in this long stretch, where their base is 
actually seen, do the breccias rest upon any rocks older than the 
Coal Measures, despite clear indications that the pre-Carboniferous 
land, from which the large angular blocks in the breccia were 
derived, cannot be far distant from the known breccia. At any 
time a boring may reveal the breccia at no great depth, blanketed 
by the Keuper, as in the district immediately east of Birmingham, 
with the breccia resting directly upon Cambrian or Archean rocks. 
Such an oceurrence is already known at Market Bosworth, on the 
east side of the Warwickshire Coalfield. 

A student of Midland geology cannot fail to be impressed with 
the fact that the smooth- “faced Keuper is masking a very rugged 
and complex floor of ancient rocks, which appears ‘to have sunk in 
great blocks before and after their infillng by the Triassic sedi- 
ments, and concurrently with the uplift of the visible Coal- 
Measure areas. 


VI. Tur Brecctas of THE QurIntTON—WaARLEY—Hamsrnap AREA. 


The Upper Permian marls, with occasional intercalations of 
fine breccias, in the southern part of South Staffordshire were 
described by Mr. W. Wickham King”; and those said to oceur in 
the Hamstead area by Mr. W. H. Hardaker.e After a detailed 
examination of the Hamstead area dealt with in Mr. Hardaker’s 
paper, I am unable to confirm his account of some of the rocks, or 
to agree with the classification that he adopts. In particular, the 
sub-group (70 feet thick) which he names the Manor House 
Permian, is really part of the same sandstone group as Hardaker’s 
Breccia and Sandstone, and which he correlates with Wick- 
ham King’s D’, or basal bed of the upper division of the Lower 
underlying divisions, named by him Old Quarry Sandstone 
sub-group and Rock Farm Con glomerate sub-group.* The 
whole succession, from the conglomerates in the Hamstead New 
Quarry to the unconformably overlying Bunter Pebble-Beds, is 
well shown in the adjacent Canal Cutting, and is set out in the 
section (fig. 3, p. 861). Overlying the marls with lenticular sand- 
stones in the ue Quarry, in which Hardaker found the fossil foot- 


1 Q.J.G.S. vol. xlv (1889) p. 31. 

2 Tbid. vol. lv (1899) p. 115. 

3 Tbid. vol. lxviii (1912) p. 639. 

‘ This interpretation is, in part, recognized by Mr. H. Kay, ‘From Coal 
Measures to Trias in the West Bromwich—Sandwell—Hamstead Area’ Proc. 
Birm. Nat. Hist. & Phil, Soc. vol. xlv, pt. 4 (1921) p. 155. 
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Towerhill 


Fig. 3.—Section from Hamstead Colliery to the Walsall Road. 
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prints described in his paper, 
Pee (a) the sandstone - beds which 
oe) succeed are about 80 feet 
thick, and dip at a very 
gentle angle (about 2°). 
The sandstones are dull red, 
false-bedded, and contain 
lenticular masses of conglo- 
merate, which are well shown 
in the New Quarry and along 
the Canal Cutting. These 
conglomerates are in all re- 
spects similar to the calca- 
reous conglomerates in other 
parts of the Hamstead Beds, 
but nowhere in the ground 
described by Hardaker is 
there anything that can be 
properly defined as breccia. 
All the pebbles are well 
rounded, with very rare ex- 
ceptions, where one or two 
subangular fragments may 
be collected. 

The sandstone, with its 
lenticles of conglomerate, is 
succeeded by red marl, un- 
conformably overlain by the 
Bunter Pebble - Beds, the 
base of which, consisting of 
a foot or so of fine breccia, 
is seen at a spring on the 
eanal-bank, 100 yards west 
of the Walsall road. Thus, 
if there are any breccias fol- 
lowing on the Conglomerate 
Group (Hamstead Beds) in 
this area (apart from the 
thin breccia at the base of 
the Bunter), they must occur 
on the east buried under the 
Bunter. 

The breccias of Warley, 
Perry Hill and Langley, 
north of Quinton, and in the 
Handsworth Railway - Cut- 
ting, mentioned in Mr. W. 
Wickham King’s paper,! are 
very fine-grained, with many 
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1 Op. cit. pp. 116-18, 
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of the fragments rounded, and often take on the character of 
breccia- sandstone, the beds as a whole consisting of red marl. 
These marls apparently follow on the underlying” Conglomerate 
Group to the west, with a conformable junction. The breccias 
were regarded by Mr. King as the attenuated representative of 
the Clent and Northfield Breceias on the south. In that case, 
a difficulty arises, seeing that the upper marls with their contained 
breecias are here apparently conformable with the Caleareous 
Conglomerate Group, while the Clent Breccia, as we have seen, 
is markedly unconformable. It is possible to regard the marls 
and fine breccias of W arley, etc. as belonging to an older (Ham- 
stead) group than the Clent Beds. On the other hand, according 
to Mr. King’s interpretation, they would represent more or less 
continuous deposition in landlocked water-basins, while elsewhere 
coarse breccias were accumulating on the higher ground. It may 
even be that the junction of the upper marls and the Calcareous 
Conglomerate Group is a masked unconformity, representing a 
considerable time-break. 


VII. Miptanp Brecoras or Triassic AGE. 


In many places in the Midlands thin breccias, usually cal- 
eareous, occur at the base of the Bunter Pebble-Beds and the 
Keuper Sandstone, and some of them were mapped by Edward 
Hull and Sir Andrew Ramsay in the original survey, and are 
indicated on the 6-inch Horizontal Sections of the Geological 
Survey. 

Along Pendlestone Ridge, east of and overlooking Bridg- 
north, the basal 20 feet of the Bunter Pebble-Beds consists of 
partly angular, but mostly rounded fragments, many caleareous, 
and the surface of the Lower Variegated Sandstones is very 
irregular and much eroded at the junction. A similar basal 
bed occurs at Abbots Castle Hill, 2 miles east of Claverley. 

At Ribbesford, about a mile south of Bewdley-on- -Severn, 
the bottom 12 feet of the Bunter Conglomerate is a well-bedded 
sandstone, full of angular and subangular lumps and chips, often 
6 inches and sometimes 1 foot across, of fine volcanic ash, 
melaphyre, quartzite, sandstone, etce., very like the fragments 
contained in the breccias of Stagbury Hill, a mile and a half away 
to the south, and Warshill, 2 miles away to the north. 

At Astley, about 3 miles south- west of Stourport and at the 
north-eastern foot of the Abberley Hills, there are good road- 
sections on the north and south-west sides of the church, exposing 
the basal part of the Keuper Sandstones, consisting of a roughly- 
stratified breccia. The fragments are generally small and up to 
3 inches across, usually rounded, but many angular and sub- 
angular. KRhyolitic ash is common, together with fragments of 
quartzite, vein-quartz, banded voleanic grit of Uriconian type, 
siliceous grit, Wenlock (magnesiferous) Limestone, ete.! 


' Mr. W. Wickham King, with whom I examined some of the breccia- 
exposures in the Severn Valley, kindly helped in identifying these rocks, 
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In the Barr Beacon distriet, some 6 miles north of 
Birmingham, the base of the Bunter Pebble-Beds is marked by 
& narrow band over 2 miles long, coloured on the new l-inch 
Geological Survey map otf the Lichfield area as Hopwas Breccia, 
and noted by J. Landon many years ago.! It is well shown in a 
sandpit on the south-west side of the Beacon at the cross-roads. 
Here soft, red, false-bedded sandstone, of Bunter type is ex- 
posed for about a depth of 25 feet, covered by the normal 
Pebble-Beds. Small angular chips, mostly quartzite, are sparsely 
scattered through the sandstone, and more plentifully along the 
irregular bedding-planes. The general character and behaviour 
of this sandstone is much more like a basal Bunter bed than 
the true Hopwas Breccia, and I regard it as of Triassic age. 
Similarly, the 3-foot breccia at the base of the Pebble-Beds at 
Little Hay (see p. 3852) may be a true basement-bed of the 
Bunter. 

In the foregoing localities, the fragments in the basal breccias 
of the Bunter Pebble-Beds and Keuper Sandstone are mostly 
rounded, and many of the rocks can be matched with those of the 
breccia-fragments of the older Permian breccias. It is to be 
expected that the streams which swept along the Bunter pebbles 
would scour and erode the already deposited Permian breccias, 
more or less rounding the fragments in the process. Such derived 
breccia-fragments form a basement-bed, which can now be mapped 
as a continuous band of fairly uniform thickness for considerable 
distances. Further, it will not be surprising if in some cases a 
ditficulty arises when we have to decide whether a particular 
deposit is a true basement-bed of the Trias made up of derived 
breecia-material, or whether it is of pre-Triassic age. 


VIII. Crassrricatrion or tHe Mipnanp Pre-TRiassic 
Rep Rocks. 


Since the above was written, Mr. T. H. Whitehead, of the 
Geological Survey, who has been remapping part of the district 
under consideration, has published a very useful historical summary 
of the ‘Permian’ Red Rocks of South Staffordshire and adjacent 
areas.2, He adopts the name Hnville Beds (Enville Series of 
Arber) for Mr. Wickham King’s Middle and Upper Permian, or 
the Lower Permian of Salopian type of Edward Hull. Because of 
their supposed conformity among themselves, and with the under- 
lying Keele Beds, they are placed ‘ provisionally with the Coal 
Measures’. It is admitted, however, that ‘there may occur 
local non-sequences, as, for example, at the base of the ‘ trappoid 
breccia”’ (op. cit. p. 172). 

There seems good reason, as Mr. Whitehead suggests, for 


1 ©The Barr Beacon Beds’ Proc. Birm. Phil. Soe. 1890, pp. 124-25. 

2 <The Subdivisions of the Red Rocks formerly Classed as Permian in 
South Staffordshire & the Neighbouring Counties: Appendix VI, Summary 
of Progress of the Geological Survey for 1921’ Mem. Geol. Surv. 1922. 
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dropping the name of Hamstead Beds, except for strictly local 
use, seeing that the name is already adopted for a subdivision 
of the Oligocene; but the suggested substitution of the name 
Enville Beds (following Arber) involves some difficulty. The 
Geological Survey in theit Summaries of Progress for some years 
have used the name Hamstead Beds for the rocks following on 
the Keele Beds, but without in the meantime fixing any definite 
upper limit thereto. In the Appendix cited above (p. 171), 
Mr. Whitehead says :— 

‘Mr. Hardaker correlated his Hamstead Quarry Series in part with the 
Middle Permian, and in part with the Upper Permian of Mr. King. If this 
correlation be accepted, it follows that the term Hamstead Beds, as used 


in the Lichfield Memoir, includes by implication the Middle Permian, and 
part, at least, of the Upper Permian of the latter author’s classification.’ 


But, as shown on p. 3861, there is no Upper Permian (Breccia 
Group) in the Hamstead Quarry Series of Hardaker. So that it 
is not merely the substitution of the name ‘ Enville’ for ‘Ham- 
stead’, as hitherto used by the Survey, which is in question ; since 
the former name is now suggested to include both Middle Permian 
(Caleareous Conglomerate Group) and Upper Permian (Breccia 
Group). As so applied to the ‘Permian’ of South Staffordshire, 
it would tend to obscure the fact that there is an unconformity 
at the base of the Clent and other allied Breccias, and moreover 
it would leave us with no name for the Middle or Caleareous 
Conglomerate Group. If the unconformity at the base of the 
Clent Breccia and other related Breccia-Beds is admitted, it 
seems desirable to have distinctive names for the Middle and 
Upper Divisions of Hull and King. I therefore venture to urge 
the adoption of the following terms for the pre-Triassic Red 
Rocks of the Midlands :— 


. ee | = Enville Beds of the Geological Survey. 


1. Keele Beds. 


The Keele Beds are admittedly separable on paleontological 
as well as on lithological grounds, and are grouped with the 
Carboniferous. The Corley Sandstones and Conglomerates of 
Warwickshire are typical of these beds throughout the Midlands, 
and Mr. R. D. Vernon’s name for them is already adopted by the 
Geological Survey for Warwickshire; while in the Clent Hills we 
have the thickest and best-known development of the Breccia Group. 
In this classification the breccias of the Clent Hills and of North- 
field, Nechells, Hopwas, Polesworth, and those of Leicestershire, 
all markedly unconformable to the rocks on which they lie, belong 
to the Clent Beds. Because of their discontinuity, and in the 
absence of paleontological evidence, it is not at present possible to 
assign precisely the same age to all these breccia-beds ; ; but they 
all post-date considerable earth-movements and denudation affecting 
the Coal Measures of the Midlands, and they are all unconform- 
ably overlain by the Trias. Moreover, there is the possibility that 


part 3] BRECCIA-BED UNDERLYING NECHELLS. 365 


the marls in Warwickshire (Tile Hill Marls), which overlie the 
typical Corley Beds, but which for the present are grouped by the 
Geological Survey with them, and the marls with thin bands of 
fine breccia (Warley, etce.), which seem to occupy a similar position 
in South Staffordshire, might eventually prove to be of the age 
of the Clent Beds. 


IX. Tur AGE oF tue Crent Beps (Necuenis Breceta). 
The Hamstead (Corley) Beds, upon which the Clent Beds (in 


the sense now defined) lie unconformably, are now grouped with 
the Coal Measures by the Geological Survey, because of their 
conformability to the underlying Keele Beds, with which they are 
also lithologically related. 

The two species of Walchia found in the Hamstead Beds range 
down into the Keele Beds of South Staffordshire and the 
Stephanian of the Continent, and up into the Permian of France 
and Germany.! The footprints, associated with the plant-remains, 
described by Mr. Hardaker,? although not conclusive evidence, 
suggest a relationship with the Rothliegende of Germany. 

The possibility of the Hamstead (Corley) Beds being of 
Permian age, therefore, must still be reckoned with, despite the 
conformability at their base; although in the meantime it seems 
not unreasonable to group them with the Carboniferous, as was re- 
cently done by the Geological Survey. But the evidence, discussed 
in the present paper, for the post-Carboniferous age of the Clent 
Beds, with which the Nechells Breccia is grouped, seems to warrant 
the conclusion that these beds should remain in the Permian. 
They may be in part the time-equivalent of the Magnesian Lime- 
stone Series of the North-East of England. 


AppENDIX.— The CamBrian Fosstus from the BREcctA- 
Marertan in the Corres of the Borrna at NEcCHELLS 
Gas-Works, Brrmineuam (embodying the Identifications 
and Notes made by Epaar Srertine Connor, F.G.S.). 


The following is a list of fossils identified by Mr. Cobbold® :— 


Brachiopoda. 
Micromitra aff. labradorica Billings . N11A,B_ [520] 


1 RH, A. Newell Arber, ‘The Structure of the South Staffordshire Coalfield, 
with Special Reference to the Concealed Areas & to the Neighbouring Fields’ 
Trans. Inst. Min. Eng. vol. lii (1916) pp. 35-70. 

2 Q.J.G.S. vol. lxviii (1912) pp. 657-81. 

3 The numerals following A.T. refer to specimens in the Geological Survey 
Collection ; the remainder are in the Author’s Collection. The numbers in 
brackets give the depth in feet in the boring at which the specimens were 
found. : 
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Micromitra phillipst Holl ............ 
DIRCHOUUUTCCZ)) Semen eh treble res erin N10A 
N 12 A, B + [520 
N13 B,C 
N 21C 
N 22 C [450] 
N 29 
Obolus cf. parvulus Cobbold ......... N 6D,E 
INT EIN 75201 
Neo) BaC ei aan 
NS 
NOOR BO Mthaeh tee orton Oactione noe on ebaaséudnagr 
Pteropoda. 
Hyolithus willsi Cobbold ..............- NiI,N1A [535] 
Hyolithus (Orthotheca) compressus 
Cobbold wsenAtns cate eeumnscee N2,N3 [548] 
Hyolithus alatus Cobbold (?) ......... N19A [497] 
Hyolithus sp. ef. biconveaus Cobbold. N 19 B [497] 
Hyolithus sp. cf. americanus Billings N19E,F (497, 
Hyolithus sp. cf. de geeri Holm,.,.... N19C [497] 
Hyolithus micans Billings ... N6E,N1OB,N14 {520} 
Hyolithellus (2) sinuosus (?) Cobbold 
Coleoloides typicalis Walcott, var. 
multistriata Cobbold ............... N 19D [497] 
N 21A,N 224 e 
N27A } oe 
(OGHEMIQUCREREIDS Penirguce nn bacacoaraorce 3 N19 [497] 
N 21 
N 22 [450] 
N27 A 
Torellella levigata Linnarsson(?) ... N 21B 
N 22B, D | [450] 
Salterella curvata Shaler & Foerste . 
Trilobita. 
Simenniella (2) "8p ymeceeceieeete ee eens N6A,B,C 
N7B [520] 
N8A 
Ostracoda (?) N4 [548] 


NOTES ON THE FOssIts. 


Brachiovoda. 


Micromitra aff. labradorica Billings. 


[ vol. Ixxx, 


A.T. 1122 [465] 
A.T. 1124 [616] 
A.T. 1122 [616] 
A.T, 1126, ¢ 
[498] 
A.T. 1121 [465] 
A.T. 1126 [616] 


A.T.1126¢e [498] 


A.T, 1122 [465] 
1126 A [520] 


A.T.1121 [465] 


This form differs from 


the Comley specimens assigned to Billings’s species in the very 
sharp angular line between the antero-lateral and posterior slopes 


of the dorsal valve. 


See N 28 A and its counterpart N 23D; 


also N 28 A, 25A, and N 20B. This sharp angle is reminiscent 
of Micromitra (Paterina) rhodesi Cobbold, from Comley, but in 
that species it is accompanied by a considerable expansion of the 


lateral angles. 


part 3] CAMBRIAN FOSSILS FROM NECHELLS. 367 


The surface-characters are not clearly preserved, the lines of 
growth being marked in N 23 D by the ragged edges of the lamine. 
In the Comley form they are well- marked rounded ridges. Some 
indication of the same type of sculpture is seen in N 26 A. In 
general form the shells are in agreement with Billings’s species. 
The dorsal valve has an elevated umbo; while the ventral, if we 
may judge by specimen N 264, is the less convex, and has the 
umbo more or less recurved over the posterior slope. 

Probably the specimens here described represent a new species 
somewhat intermediate in character between Meromitra (P.) 
phillipsi Holl and Mtcromitra (P.) rhodesi from the lowest fossil 
horizon of Comley on the one side, and Micromitra (P.) labra- 
dorica from near the top of the Lower Cambrian at Comley on 
the other. 


Micromitra (7). Many fragments (N. 10 A, N 12A & B, 
Nets Be CO, NOC, N 220, N N29) oceur which cannot be closely 
identified, but show sculpture ot a character suggesting the genus. 
Very similar fragments occur in the lowest fossil horizon at 
Comley. 


Obolus ef. parvulus Cobbold (N6D&E, N7A,NSB&OC, 
N 9). These specimens are quite in agreement with the type- 
material from Comley, but do not show the internal characters. 


[A.T. 1126. The shell is very much depressed 
much so for Acrotreta. | 


almost too 


Pteropoda. 


Hyolithus willsi Cobbold. The specimen (N1 & 1A) agrees 
closely with the type, in the rate of taper, size and form of section ; 
but, in the absence of the dorsal lip and all trace of exterior 
sculpture, the identification must be considered doubtful. The 
type is from the ‘ Hyolithus Limestone’ of Woodlands Quarry, 
Nuneaton district. 


Hyolithus (Orthotheca) compressus Cobbold (N 2&N3). A 
minute fragment near the larger piece of shell (N 2) shows the 
characteristic oval section, and N 8 gives the impression of the 
exterior showing very fine lines of growth. The type is from 
the Olenellus Limestone of Comley Quarry ; Comley Horizon Acy. 


Hyolithus spp. Seen in section on the tool- marked surface of 
the specimen N19. The probable specific names are given 
below :— 

. alatus Cobbold. Fairly typical section. 

sp. ef. biconvexuws Cobbold. 

. sp. ef. H. (Orthotheca) de geeri Holm. 

. sp. ef. americanus Billings, wqwilateralis Cobbold, and H. sp. indet. 
N 1 of Holm, 1893. 


H., alatus, H. biconvexus, H. (O.) de geert, and H. equilateralis 


ans 
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are found in the Hyolithus Limestone of Woodlands Quarry, 
Nuneaton district. 


H, sp., N 20 A, and the counterpart N 25D. This specimen is 
remarkable for the indications of the transverse section which, if 
not due to compression before fossilization, was trapezoidal, the 
dorsal face being the wider. 

There are indications in this specimen of a slight thickening of 
the dorsal face near the lateral angles. This might conceivably be 
due to compression, and it would require the study of several 
specimens to make sure that it was an original feature. 


Coleoloides (N 19D, N 214A, N 22 A, & N27A). These 
fragments are very like the long straight tubes assigned to this 
genus from the Hyolithus Limestone of Hartshill (Woodlands 
Quarry), which so rarely show the surface-markings. 


Hyolithus micans Billings (N 6E, N 10B, & N14). These 
specimens correspond very closely with the straight fragments from 
Comley, where, however, the species seems to range from low 
down in the Lower Cambrian (Horizon Abs) up to the lower part 
of the Middle Cambrian (Horizon Bas). 


Torellella levigata Linnarsson (?). 

I feel considerable doubt as to this identification, not having 
seen specimens from the type-locality. 

Some of the specimens under consideration appear to have an 
oval section; but, without specially prepared (cut and polished) 
examples, this point cannot be said to be established. Ihave failed 
to determine (with a half-inch hand-lens) any surface-marks or 
lines of growth. 

Some of the curved specimens are reminiscent of Helenia, but 
against this reference is the invisibility of any spiral lines on the 
exterior. 

Holm tells us that Linnarsson’s species is largely (say, 60 per 
cent.) composed of phosphate of lime. The appearance of the 


shells before us would suggest that such might prove to be the 
ease with them. 


Trilobita. 


The remains of trilobites are too scanty for specific determina- 
tion. So far as I can judge, they may all belong to one species 
(represented best in N 6B & N 7B), in which all the characters 
observable indicate the genus Strenwella. Other fragments are 
seen in N6A, B, & C, N 8A. 


Ostracoda (?). 


N 4 exhibits a minute body that would possibly be recognizable 
by someone who had studied this group of Cambrian Crustacea. 
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Dy. G. F. Matthew describes many species which he places under 
six or eight genera. There are a number of bodies of similar size 
in my collection from the Lower Cambrian of Comley, which have 
not yet been worked up. 


A.T. 1123. Very obscure—wants clearing from matrix. Form 
suggestive of Hyolithus; but the thickness of shell and its 
surface-characters (strong longitudinal cost and ridges or folds 
of growth) suggest a new genus, possibly allied to Helcionella. 


The whole of the specimens indicate quite decidedly a Lower 
Cambrian age for the blocks containing them, of which the breccia 
is partly composed, but whether more than one horizon is repre- 
sented is not clear. 

N 1 from a depth of 548 feet and N19 from 497 feet may 
well be compared with the Hyolithus Limestone of the Nuneaton 
district, and the material of the other specimens is similar. 

There is nothing like it known to occur at Comley, but the 
assemblage of fossils would seem to indicate a horizon rather below 
the Olenellus Limestone (Horizon Ac.) and above the greenish- 
grey sandstones of the Road Quarry (Horizon Ab), which is just 
above the Wrekin Quartzite of that area. 


EXPLANATION OF PLATE XXyV. 


Sections illustrating the overstep of the Clent Breccia in the Clent—Lickey 
area, on the scale of 12 inches to the mile, or 1: 5280. 


DISCUSSION. 


Mr. Wickuam Kine said that he concurred with the Author’s 
views, but definitely adhered to his opinion that the coarse Permian 
breecias on the south and the marls on the north are contempo- 
raneous. The Hopwas Breccias are outside the area that he had 
studied in a detailed manner. He regarded Mr. Whitehead’s 
Appendix VII to the Summary of Progress of the Geological Survey 
for 1921 as a splendid résumé of the alternative views, and it left 
room for amendments based on future discoveries. Was there below 
the Permian breccias an unconformity, or merely a local non- 
sequence ? The unconformity is plain in the Abberley district, as 
shown by Phillips, Ramsay, Hull, and others. At Woodbury those 
breccias, perhaps Permian, rest on the basset edges of folded 
Silurian, Downtonian, and very thin Coal Measures (probably 
Halesowen Sandstones) divided by a thrust-plane across which the 
breccias lie. At Stagbury Hill those Permian breccias rest at the 
northern end on folded Halesowen Sandstones, and at the southern 
end on only 60 feet of Keele Beds. Beds 1054 feet thick at 
Claverley Boring had vanished before these Stagbury breccias 
were deposited; and pieces of the denuded Keele Sandstones and 
Spirorbis Limestones are embedded in these breccias. At Warshill 
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and, as shown by the Author, in the Clent-Lickey area the same 
unconformity exists, and in 1899 the speaker showed that part 
of the Corley Beds was missing at Bromley, near Kingswinford. 
At Enville and Baggeridge, on the north and north- west, mapping 
does not disclose a emule unconformity ; but those Permian 
breccias contain Avonian pebbles, as at Nechells. 

The similarity of the Corley conglomerates and the Permian 
breccias to those in Persia described ‘by Blanford is extraordinary. 
He described conglomerates laid down ‘under lacustrine and humid 
conditions, followed by thick screes accumulated under arid con- 
ditions, coarse near the hills, and fine silt in the plains. He states 
that this silt was probably deposited in brackish waters. 

The coarse Permian breccias, when followed northwards to 
Gatacre and Baggeridge, do (both vertically and horizontally) 
become marls and sandstones, and in the higher beds gypsiferous 
marls do occur. In the Enville area these transitions can be 
followed continuously; and between Walton and Baggeridge 
(8 miles), and again between Northfield and Warley-Handsworth, 
discontinuously. The Warshill, Enville, Baggeridge, Kingswin- 
ford, Warley, Handsworth, and part of the Clent Hills Permian 
breccias rest upon Corley Beds and underle the Trias. In places, 
as at Clent. there is a. marked unconformity below the Trias. 
The Corley Beds apparently were deposited towards the close of 
the humid period, and are best associated with that period; while 
the Permian breccias above represent the inauguration of the arid 
conditions, and were laid down as coarse deposits close to the 
mountains, and the finer materials were carried out into the desert- 
plains in the manner described by Loftus and Blanford. 

In the Lower Severn Valley, breccias of Triassic age, younger 
than those resting on the Corley Beds, often contain more abraded 
materials, such as would be derived from denudation, in the Triassic 
Period, of the earlier breccias. 

In Leicestershire the Permian breccias rest unconformably on 
Coal Measures, and resemble those in the Abberley-Clent area, as 
so conclusively proved by Dr. H. T. Brown. 

The Warwickshire Tile Hill Marls and Sandstones have been 
compared by the Geological Survey with those at Baggeridge and 
Gatacre. In Warwickshire no coarse Permian breccias were 
found, associated with these Tile Hill Beds, like those uncon- 
formably laid down over an extensive area close to the old hill- 
ranges, both in Leicestershire and in the Lower Severn Valley. 
Did not this suggest that the Tile Hill Beds are the equivalent of 
the Baggeridge marls and sandstones, deposited without any visible 

break in the plain some distance from the Mercian hill-ranges that 
lay on the south-east? If so, the district south-south- east of the 
Tile Hill Beds is one where our capitalists can be encouraged to 
search for the coal-supplies needed to maintain the prosperity of 
the Midlands. 

Mr. T. H. Wurreneand said that the paper raised many pro- 
blems, which, owing to the lateness of the hour, could only be 
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discussed briefly. It seemed to the speaker that the Author was 
somewhat beld in correlating the Clent Breccias with the Hopwas 
Breccias, between which there appeared to be important differences. 
On the other hand, the Author was perhaps unduly cautious in 
hesitating to correlate the breccias of the Clent Hills with those 
of Warley and Kingswinford, which they resembled much more 
closely. ‘The speaker agreed with Mr. King that the Clent Breccias 
and those of Warley and Kingswinford, and (it must be added) 
those of Baggeridge and Enville, could not be dissociated one from 
the other. 

Time would not permit of defining all the points of difference 
between the Clent and the Hopwas Breccias; but one example 
might be given. Myr. King had shown that the fragments ot the 
Clent-Enville Breccias decrease progressively in size from south to 
north: this did not seem to be true of the Hopwas Breccias. 
In the Baggeridge area, near Sedgley, the breccias were thin and 
comparatively fine-grained. If the breccias were eliminated alto- 
gether, a condition almost realized near Bobbington, there would 
result a ‘ Permian’ succession almost exactly parallel to that in 
Warwickshire, where the officers of the Geological Survey had 
been able to detect no unconformity. The Appendix to the 
Summary of Progress of the Geological Survey, to which the 
Author and Mr. King had alluded, was prepared in consultation 
with the speaker’s colleagues. Its object was to provide a 
working classification of the Red Rocks such as would eliminate 
the names involving the use of the word ‘ Permian’, which had 
been shown to be in part definitely inapplicable and in part doubt- 
fully applicable. It was desired to do this with no more dis- 
turbance of the grouping adopted by earlier writers, such as Hull, 
Lapworth, and Mr. King, than the available evidence seemed to 
warrant. The adoption of Newell Arber’s classification appeared 
to attain these objects. The Author’s direct evidence for an un- 
conformity at the base of the Clent Breccia was based upon the 
mapping of a somewhat complicated and much obscured region. 
It was not possible to discuss evidence of this nature, except by a 
comparison of maps. 

Mr. T. Basrwoop remarked that, at one time, he had the 
impression that there was an unconformity at the base of the 
Clent Breccia, but detailed mapping has shown that the abnormal 
conditions are better explained by faulting. 

The Northfield Breccia, correlated with that of Clent, differs 
more in pebble-content from that of Clent than does the Warley- 
Quinton Breccia, which the Author hesitated to classify or cor- 
relate. The Warley-Quinton area affords fairly definite evidence 
of a continuous sequence from the Calcareous Conglomerate 
Group upwards. There the marl-belt with the sandstones above 
the main breccia is succeeded by a fine breccia (exposed near 
Warley Reservoir) of similar nature to that below, indicating that 
the breccia part is only a peculiar phase in sedimentation of the 


Upper Carboniferous succession. 
202 
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The speaker agreed with Mr. Whitehead’s classification, in 
which the Clent Breccia is regarded as equivalent to the upper part 
of the Corley Beds of Warwickshire. 

The Secrerary read the following contribution to the Dis- 
cussion, received from Mr. H. HE. L. Drxon :— 


‘The Author has made an important step towards clearing up the long- 
debated question of the correlation of the “‘ Permian” breccias of the Midlands, 
on which such valuable work has been done by Mr. Wickham King. 

‘ As regards the Hopwas Breccia, the relations to the Hnville Beds below 
and to the Bunter Pebble-Beds above are clear. In conjunction with Mr. G. 
Barrow, I was able to show that the breccia was completely separable from 
the red and yellow chert-conglomerates of the Enville Beds, and that, 
although in places separated from the Pebble-Beds by a plane of erosion, it 
was linked so closely with that formation as to allow no doubt that it was 
later in age than the great post-Carboniferous earth-movement. At the same 
time, it is remarkable that it has not only been formed under continental con- 
ditions very similar to those of the Enyille Beds, but also that it has drawn 
on similar rocks, though in different proportions, for much of its coarse 
material. For instance, its pebbles of Carboniferous Limestone, which come 
from unknown outcrops, now possibly buried, can hardly have been derived 
second-hand from the Hnvyille Conglomerates, as they are not accompanied 
by the red and yellow cherts of the latter. 

‘Consequently, Dame Nature may easily have played us a trick, and 
elaborated similar breccias, of which those of Warley may be an example, in 
Carboniferous times. 

‘But even if, as appears, a New Red breccia, older than the Pebble-Beds, 
is widespread in the Midlands, and the Carboniferous will not swallow up the 
whole of the old “ Salopian Permian’’, and even if, further, we grant that this 
breccia is probably contemporaneous with the Permian breccias of Cumber- 
land and elsewhere, we do not yet know whether it should be separated from 
the Trias as another system. The close connexion in Cumberland of the 
Permian breccia with the Trias—their lateral passage one into the other—, 
the importance of which has been pointed out by Mr. Bernard Smith, 
emphasizes the conclusion of Binney, Wilson, Sherlock, Hickling, and others, 
that the Lower Mottled Sandstone of South Lancashire and Nottinghamshire 
is itself of ‘‘Permian”’’ age. These are the areas of typical fossiliferous 
Permian that lie nearest to the Midlands, and the classification of the 
Lower Mottled Sandstone of the Midlands is vitally affected thereby. The 
general constancy in character of the Lower Mottled Sandstone suggests that, 
in default of strong evidence to the contrary, it is essentially one formation 
throughout ; but, at the same time, its close resemblance to higher Triassic 
strata is dead against its reference to another ‘‘ system’. Its relations to the 
Pebble-Beds are those of the Hopwas Breccia, and the fact that some 
exposures of Hopwas Breccia have been regarded by Landon as Lower 
Mottled Sandstone may be due to a lateral passage of the two formations. 
On this point evidence may be yielded by the heavy. minerals from the 
various breccias, and a good start on those from the Triassic sands has 
already been made by Mr. W. F. Fleet. 

‘Direct superposition of Permian beds by Keuper implies a hiatus that 
would have gladdened the hearts of the old searchers for a logical line of 
separation between Permian and Trias, but it is exceptional, and I would 
ask the Author what would be the verdict of the Midland evidence as a 
whole on the question whether the ‘‘ Permian” strata should be separated 
from the ‘“ Triassic”’ as a distinct system.’ 


The AurHor, in reply to Mr. Whitehead, admitted the possi- 
bility of the Upper Marls with fine breccias of Warley, Kingswin- 
ford, ete., being in part contemporaneous with the Clent Breccia ; 
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but, in that case, he thought it likely that there existed a time- 
break at the base of the marl group. 

Mr. Dixon, in his letter, opened up a wide subject which could 
not be adequately dealt with at that late hour. The Author 
regarded the Clent Beds, as defined in his paper, as more closely 
related to the Trias than to the Carboniferous.! 


' [As against the view expressed by Mr. Dixon that the pebbles of Car- 
boniferous Limestone in the Hopwas Breccia were probably not derived 
second-hand from the Enville Conglomerates, because of the supposed absence 
of the red and yellow cherts of the latter in the Breccia, it should be 
remembered that considerable masses of Enville Conglomerate in the 
Hamstead New Quarry, and, more especially, in the thick conglomerate of 
the new sinking at Hilton, north of Wolverhampton, contain pebbles which 
are almost entirely of Carboniferous Limestone, and, in masses of it 
now concealed, the contained pebbles may be all limestone. Moreover, 
occasional rounded pebbles of chert occur in the Nechells Breccia, very 
like those in the Enville Conglomerate. 

Mr. Dixon’s suggestion that the Hopwas Breccia may represent the Lower 
Mottled Sandstone of other areas has been already considered by the Author. 
Breccias similar to those in the Birmingham district occur underlying the 
Lower Mottled Sandstones in the Hnville area. 

As regards Landon’s observations, it has been shown by the Geological 
Survey that much of what he took to be Lower Mottled Sandstone in the 
Barr Beacon District, is really part of the Pebble-Beds, but locally destitute 
of pebbles. The supposed Hopwas Breccia near Barr Beacon itself, which 
Landon thought might represent the Lower Mottled Sandstone, is regarded 
as the basal bed of the Pebble-Beds by the Author (see p. 363). 

In his work on the Breccias of the Leicestershire Coalfield, H. T. Brown 
records the fact that at Packington the Breccia is overlain by Lower Keuper, 
as is the case at Nechells. 

So long as we relegate the fossiliferous Permian of the North-Hast of 
England to a separate system, I think that we are justified in regarding the 
Breccias of the Midlands (Clent Beds) as belonging to the same system. 
But it may well be that at some future time we may see fit to unite these 
Upper Permian rocks with the Trias, as was formerly done.—W. S. B., 
August 25th, 1924. | 
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15. The Grotoey of SourHern GuErNsEY. By Donap JOHN 
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I. IyrrRopvucrion. 


Guernsey, the second largest of the Channel Islands, has been 
described geologically in varying amount of detail by a number of 
previous investigators,! who for the most part confined their 
attention to the northern portion of the island, and there are 
only scanty references to the metamorphic complex forming the 
southern portion. In 1884 the Rev. Edwin Hill & Prof. T. G 
Bonney (6) announced the result of their first visit to the eae 
and gave a few general notes relating to the southern gneisses 
which they believed to be, as a whole, comparable with the 
Laurentian Gneisses of Canada. No attempt was made to dis- 
tinguish between the various types of gneiss which are now known 
to occur in that area. 

In a paper on Alderney Canon Hill (7) discussed the age of the 
Channel Island rocks and, incidentally, announced his conclusion 
that the ‘Guernsey Gneiss’ is mostly—perhaps all—of igneous 
origin, but subsequently crushed. The conclusions of the two 
writers above mentioned may be summarily stated as follows :—In 
all the islands there are plutonic rocks—diorites and hornblende- 
granites—which are posterior to the gneisses and other dynamically 
altered rocks, but are believed to be pre-Cambrian, since in Jersey 
these rocks are overlain by the Rozel Conglomerate (basal 
Cambrian) and in Alderney are succeeded unconformably by grits 
correlated with the Conglomerat pourpré (Ordovician). 


1 The works included in the Bibliography on p. 387, to which reference is 
made in the text, are indicated by numbers in parentheses. 
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The main object of the present paper is to give a description of 
the distribution, field relations, and petrographic characters of the 
different types which together make up the metamorphic series, as 
also a brief account of the remaining rocks which come within the 
area under consideration. The geological succession in Guernsey 
may be tabulated in order of age as follows :— 


Dykes and veins of dolerite, 
lamprophyre, quartz, ete. 
Dykes (basic and acid), 
©. Later Pre-Cambrian intrusions ...... | Granite (of Cobo). 
Differentiation suite. 


D. (?) Paleozoic minor intrusions ...... 


se) 


Pre-Cambrian sediments ............... _Pleinmont Shale and Grit. 
( Diorite-gneiss ‘8’ and ‘y. 
| Older minor intrusions (dykes) 
A. Pre-Cambrian metamorphic series... - Granite-gneiss. 
| Diorite-gneiss ‘ a.’ 
| Jerbourg Schists. 


? 


It will therefore be seen that, with the exception of some dykes 
of doubtful Paleozoic age, the whole of the island consists of 
pre-Cambrian rocks; gneisses and schists in the south, unfossili- 
ferous shales and grits at Pleinmont, and a series of intrusions in 
the north, which range from hornblende-gabbro through diorites 
and tonalites to granites. The larger intrusions are accompanied 
by dykes which pierce not only the plutonic suite, but also the 
gneisses and grits of the south. 


Il. Toe Meramoreruic SERtIEs. 


The metamorphic gneisses and schists occupy an area of approxi- 
mately 14: square miles of the southern half of the island. They 
form x high tableland terminating in cliffs some 200 feet high along 
the southern coast, and reaching a maximum altitude of 300 feet 
about a mile inland, thence sloping gently north and north-west 
towards Catel and Vazon. Beautiful exposures occur in the cliffs); 
but, inland, where the ground is cultivated, it is only in an 
occasional road-cutting, an old and disused quarry, or in a heap of 
material from some newly-sunk artesian well that the underlying 
rock is visible. ; 

The rocks of the whole of this area (excepting those which are 
described later) are rudely foliated, with a general strike ranging 
from north-west to north-east and a dip of 60° to 90° in a westerly 
direction. Changes in strike take place at planes of dislocation, 
and these abrupt changes are reflected in the physiography of the 
southern coast-line, as, for example, Moulin Huet, Saint’s, and 
other bays. At Moulin Huet the strike of the gneiss on the 
extreme west of the bay is north-north-eastward (dip 70° north- 
north-westwards) ; but at the foot of the path descending into 
the bay there is a sudden change of strike at a dislocation-plane 
dipping 50° north-eastwards. Along this plane a ‘diabase’-dyke 
has been intruded, which (when traced seawards) swells into a flat- 
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Fig. 2.—Sketch-plans, showing the rapid change in the strike 
of the gneiss-foliation produced by planes of dislocation. 


[a. Moulin Huet Bay ; b. Saint’s Bay. | 
Approximate scale: 16 inches=1 mile, or 1: 3960. The plans are oriented 
north and south. 
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topped mass of basic material occupying an area of many square 

yards in the bay. Immediately east of the dyke the foliation 
aes north 5° to 15° west (dip 80° west- south-westwards), but 
gradually bears round to the normal north- uorth-easterly direction, 
which 1 is maintained as far as the eastern angle of the bay (see 
fig. 2, p. 877). The rocks in the neighbourhood of these dislocation- 
planes are apparently less resistant ‘to marine erosion, and the bays 
have accordingly been developed in them. 


(i) The Jerbourg Schists. 


These are fine-grained schists which cross the Jerbourg Peninsula 
in a north-north- westerly direction as a narrow strip, about 
300 yards broad. They are faulted on the south against coarse 
granite- gneiss, and on the north against similar granite-gneiss and 
diorite-gneiss of Divette type. At Divette the “unetion with the 
diorite is obscured by a broad dolerite-dyke which follows the fauit. 

The schists are penetrated ‘lit-par- -lit’ by a fine-grained, pink, 
aplitie reck and by white quartz, forming an intricate pattern of 
erey schists and paler veins. The effect is greatly accentuated by 
weathering, for the schistose bands weather away, and the pale 
pink and white veins, varying in width from a fraction of an inch 
to a foot, project above the general surface of the rock. The 
intrusive rock is probably related to the Pea-Stacks Gneiss, which 
is described below. The strike of the schists is between north- 
east and east-north-east, and is therefore not quite parallel to that 
of the adjoining gneiss. The dip varies from 55° to 80° in a 
north-westerly direction, but the foliation-planes are locally con- 
torted in such a way as to give to these rocks the appearance of 
highly folded sediments. A sedimentary origin may be tentatively 
ascribed to the schists, for the following reasons :—their mineral 
constitution ; the rapid variation in the size of the grains, and in 
the relative abundance of the quartzose constituent. 


Petrography of the Jerbourg Schists.—The schists are 
fine-grained, grey-green, chloritic, and micaceous; they are schistose 
in places, massive and quartzose in others. Under the microscope 
they are seen to consist essentially of felspar (40-50 per cent.), 
quartz (30-40 per cent.), chlorite and biotite (10-20 per cent.). 
The quartz and felspar have an average diameter of 0°3 mm., and 
the biotite and chlorite occur as small elongated laths enveloping 
the two first-named minerals, giving to the rock its sheen and 
dark-green colour respectively. The quartz is angular, containing 
many inclusions, and showing undulose extinction; the felspars 
show strain-shadows, and are turbid owing to the great develop- 
ment of sericite. ‘Twinning is therefore difficult to detect, but 
lamellar twins are faintly discerns in some crystals. It is 
probable that both orthoclase and plagioclase were originally 


present, but the rock appears to have been almost entirely re- 
constructed. ‘ 
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(ii) The Gneisses. 


The task of differentiating the many various types of gneiss is 
by no means easy. These rocks, originally described by Hill & 
Bonney (6) as in part altered sediments, were later (7) regarded 
by the former as metamorphosed porphyritic granites and diorites 
—the granites being composed essentially of quartz, felspar, and 
mica in widely varying proportions. 

The gneisses vary in colour, mode of weathering, and structure, 
one type merging so gradually into the other that the boundaries 
are only occasionally well defined. Marine erosion produces 
smoothly rounded surfaces in some types and rugged in others. 
The main mass consists of coarsely porphyritic, rudely foliated, 
hight-reddish gneiss of granitic type; the dioritic gneisses are 
usually finer-grained and dark green. Among the latter, three 
types can be distinguished: the Divette and Torteval types are 
clearly younger than the granitic gneiss; but there is reason to 
believe that the Fort Bay type is a modification of that rock, or 
may even be an earlier intrusion. It is convenient to describe the 
dioritic gneisses together, despite this difference in their age. The 
granitic and dioritic gneisses were separated in time by a phase of 
minor intrusions represented by dolerites and aplites. 


(a) The Granitic Gneisses. 


The granitic gneisses occupy the major portion of the area 
under consideration. They consist mainly of pale reddish, porphy- 
ritic rocks, but a pale-grey and white streaky variety occurs in 
Petit Port Bay, and a fine-grained microgranitic type forms the 
northern arm of Fermain Bay. Another type of gneiss that is 
separable from the main mass occurs at the south-western corner 
of the Jerbourg peninsula, west of St. Martin’s Point, and forms 
the cliffs adjoining the beautiful stacks known as the Pea Stacks 
(‘Le Tas de Pois d’Amont’). 


Petrography of the granitic gneisses.—With the excep- 
tion of the Pea-Stacks Gneiss, the granitic types possess many 
characteristics in common. The quartz, which forms 20 to 50 per 
cent. of the rock, is granular, shows undulose extinction, and has 
many inclusions (the majority of which are irregular in: shape, 
rather resembling Chinese characters when viewed under the 
microscope). 

The abundant felspar is to a great extent microcline, perthite, 
and microperthite; there is, also, some plagioclase and a little 
orthoclase. The felspar is everywhere in larger crystals than is the 
quartz, the two constituents being distinctly granular in texture. 
The orthoclase is mostly untwinned, but sometimes exhibits 
Carlsbad twins. The microcline shows blurred and indistinct 
cross-hatching due to mechanical disturbance; it has frequent 
inclusions of quartz, and micrographic quartz-felspar intergrowths 
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are not rare. Some beautiful granophyric pseudospherulites of 
microcline and quartz also occur. The extinction-angles of the 
plagioclase in symmetrical sections average 7°, and the refractive 
index is very near that of Canada balsam, thus probably indicating 
oligoclase. The lamella show signs of strain, and all this felspar 
is shadowy between crossed nicols. 

Biotite is usually an important mineral; in some slides mus- 
covite occurs with it, and in others totally replaces it. The biotite 
is brownish-green, and occurs in the form of matted aggregates 
or interstitial laths between the quartz and the felspar; it is 
generally in part altered to chlorite. Where not much chloritized 
it shows strong pleochroism in pale straw-yellow to purple-brown 
tints. Apatite is the predominant accessory, and occasionally 
sphene occurs, but hornblende is absent. 

Wherever the porphyritie structure is developed, it is due to 
the increased size of the felspar-crystals which reach a maximum 
length of 3 inches; the quartz never exceeds half an inch in 
diameter, and the biotite always occurs in small plates. All 
these granitic gneisses betray a tendency to granulitic texture, and 
the medium- and fine-grained varieties are typical granulites. 


(6) The Pea-Stacks Gneiss. 


This gneiss, which occupies the limited area already men- 
tioned, is a medium-grained rock composed mainly of quartz and 
pink felspar. The texture as revealed by the microscope is 
granulitic, and its mineral composition is roughly estimated 
to be :— 


Per cent. 
QUATEZP eens hee Rees 40 
Helspar Be rneuctuecdet eur etot OO Oto 
IMS COVILC scene years nite 5 to 10 


The felspar is mainly oligoclase-andesine, the lamelle showing 
much effect of strain; untwinned orthoclase, which has suffered 
alteration, forms a quarter to a third of the total felspar, but 
there is a notable absence of microcline. Muscovite occurs as 
thin scales between the quartz- and the felspar-aggregates. A 
dull-red mineral, occurring in small clusters or masses of con- 
choidal grains, or as thin plates, feebly pleochroie in blood-red 
to dark amber-brown tints and with a high refractive index, 
may probably be identified as allanite. A similar mineral has 
been detected in a streaked aplitic dyke cutting—and_ possibly 
incorporating (10) gneiss at Castle Cornet. 

The field-relations of this rock to the Jerbourg Schists afford 
evidence of the greater age of the latter, since the pale-pink 
aplitic rock which is described on a previous page as intimately 
veining and permeating the schists ‘lit-par-lit’ bears much 
resemblance to the Pea-Stacks Gneiss, being composed of quartz 
40 to 50 per cent., felspar 50 to 60 per cent., and muscovite about 
5 per cent. 
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It is finer in grain than the gneiss, but resembles it in being 
granulitic and in containing no microcline; the felspar is mainly 
oligoclase-andesine, with a small proportion of untwinned altered 
orthoclase, but there is less muscovite. The veins are. therefore, 
regarded as offshoots from the Pea-Stacks Gneiss, which on its 
north-eastern boundary is intrusive into the schists. 

It is not certain whether these schists which formed the roof 
of the intrusion were originally sediments or fine-grained igneous 
rocks, but their microscopic characters are in favour of the 
former view. The intrusive rock was clearly a granite, and both 
it and the roof-rock were at a later period affected by earth- 
movements which converted the one into gneiss and the other 
into schists. 


(c) The Dioritic Gneisses. 


These fall into three main types:—(a) the Fort Bay type; 
(3) the Divette type; and (y) the Torteval type. 


(a) The Fort Bay Gneiss only occurs within a limited area 
in the bay beneath Fort George; it is not easy to define the 
boundary between it and the surrounding granitic gneiss. The 
dioritie gneiss may possibly be a more basic modification of 
the associated rock. 

The remaining types possess many characteristics in common, 
and it is in some cases impossible to separate them in the field, 
although they can be distinguished in thin slides under the 
microscope. 


(3) The Divette Gneiss occurs typically at Divette, near 
the diving-stage in Havelet Bay, and at l’Erée. It is a greenish- 
grey dioritic gneiss, medium-grained in texture, and composed 
essentially of felspar and hornblende. ‘The development of the 
foliation is variable; where it is prominent it is indicated by the 
parallelism of the hornblende-prisms, which attain a length of 
‘a quarter of an inch. In some parts of l’Erée Bay and in Divette 
Bay the rock is almost devoid of foliation, and resembles a 
medium-grained diorite. 


(y) The third type of dioritic gneiss, first noted by, Canon 
Hill (6) in a quarry near St. Andrew’s Brickfield, occupies a 
large area west of a line joining Vazon Bay, on the north- 
western coast, to the Torteval cliffs on the southern coast. A 
rock is also visible at low spring-tides in St. Peter Port harbour, 
which, although it resembles the diorites of the north, is shown 
by its composition and texture to be of the Torteval type. 


Petrography of the Dioritic Gneisses. 
(a) Fort Bay Gneiss.—This is a dark, rudely foliated gneiss, 


which contains as its dominant mineral a much-corroded, hyp- 
idiomorphic hornblende, enclosing ophitically small erystals of 


plagioclase and quartz. The felspar is much decomposed ; it is 
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mostly oligoclase-andesine, with some untwinned orthoclase. No 
microcline occurs, and quartz is present only in small amounts. 
Some biotite, aggregated, as in the granitic gneisses, into small 
eles and many irregular erains ore 1ron- eee scattered through 
the rock form the remaining ‘components. 


(3) Divette Gneiss.—This is a medium-grained mottled 
diorite, green or grey in the hand-specimen, and consisting of 
subidiomorphie hornblende and felspar, with some quartz, biotite, 
and iron-oxide. The hornblende is green, and shows moderately 
strong pleochroism. The felspar, despite its decomposition and 
its ‘ nae -microscopic ’ twinning, can be recognized as oligoclase- 
andesine; the other components are interstitial quartz, a fair 
amount of biotite in aggregated flakes, and a few specks of 
iron-oxide. 


(vy) Torteval Gneiss.—The rocks included in this division 
are dark-green dioritic ‘augen’-gneisses, consisting of elliptical 
‘eyes’ of light-greenish felspar 
Fig. 3.—Petit Port Bay: frac- and quartz enwrapped by horn- 
tured aplite-vein crossing lendeand biotite. The quartz 
cleaved dolerite-dyke in gneiss. forms 10 to 80 per cent. of 
the rock, and the felspar is 
entirely an acid andesine; the 
hypidiomorphic hornblende is 
green, moderately pleochroic, 
and the majority of the crys- 
tals are twinned. Biotite is 
present in small aggregates as 
before: there is no iron-oxide. 
The rock is more akin to a 
tonalite than to a true diorite. 
Numerous lenticular patches 
of finer-grained and more horn- 
blendic rock are characteristic 
of this group ; they range in 
size up to 3 feet in leng th and 
1 foot in width. These ‘patches 
contain no quartz, their horn- 
blende is granular, and there 
is much less biotite in them 
than in the main mass. They 
doubtless represent segrega- 
tions from the same magma 
as the normal gneiss. 


Gii) Older Minor 
Intrusions. 


On the west side of Petit 
[Seale: 1 inch=3 feet. ] Port Bay, at Saint’s Bay, and 
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elsewhere along the southern coast occur acid and basic dykes 
which have undergone metamorphism by the same agencies 
as those that produced the gneissic foliation in the porphyritic 
granites and diorites already described. The basic dykes exhibit 
greyish-green weathering, and were originally fine-grained dolerites ; 
but they are now much altered. They do not quite conform, 
either in dip or in strike, with the general foliation-planes of 
the eneiss, but cut across the strike at an angle of about 10° 
to 15". A strong cleavage has been set up in them, parallel to the 
strike of the gneiss, ahielh at Petit Port is north 30° east. 

At this place the gneiss and these dykes are penetrated by a vein 
of pink aplite 3 to 6 inches wide; but it is clear from its course 
across the dyke (see fig. 3, p. 882) that it has suffered from the same 
earth-movements as those that produced the cleavage of the dyke. 


(iv) General Relations of the Metamorphic Series. 


In the south of Guernsey we find a number of rock-types which 
have undergone considerable changes. The earliest of all, the 
schists of Jerbourg, constituted at some period the cover or roof of 
the acid intrusion “(the Pea-Stacks type) which veined the over- 
lying rocks in an intricate fashion. This intrusion was originally 
one of several plutonic masses which together form the Granitic 
Gneisses. 

The intrusion of these masses and of the Fort Bay Diorite- 
Gneiss was separated in time from the later intrusions of the 
Divette and Torteval types by the phase of minor intrusions 
described above. These minor intrusions have suffered metamor- 
phism along with the older gneisses, but nowhere penetrate the 
younger dioritic gneisses. ‘The latter are never so crushed as the 
earlier types, and the ‘augen’-structure of the Torteval Gneiss 
appears to have been produced by pressure operating shortly after 
intrusion. The rock is in places hardly foliated, and yet at no 
great distance away the ‘augen ’-structure is fully developed. The 
finer- grained lenticles of more basic material which it includes are 
not shattered ; they appear to have been segregated at an early 
stage and to Same existed, while deformation was in progress, in a 
somewhat plastic state in the more acid mother-rock which wraps 

~ around them. 

Although these lenticles in the Torteval Gneiss resemble fine- 
grained rocks that occur in pockets and veins in the later diorites 
of the north (which, like the gneiss, are later than the granitic 
gneiss), the distinction of the two dioritic rocks is proved by their 
microscopic characters. The Torteval Gneiss, unlike the diorites, 
contains no pyrites, magnetite, or orthoclase; the biotite is never 
idiomorphic, and the hornblende shows no evidence of having been 
formed at the expense of augite, which is considered by Bonney (10) 
to have been the case in the other rock. 

The Divette and Torteval Gneisses, although generally quite 
distinct, are in places hardly separable. They seem to be closely 
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allied, and may even be different modifications of one and the 
same rock, since at l’Erée Bay and south of Rocquaine Bay, 
where the Torteval type is well developed, there are places where 
the ‘augen’-structure is little marked, or may even be totally 
absent. 

At the boundary of the diorite-gneiss with the porphyritic 
granite-gneiss at ’Erée and along the Rocquaine coast to the 
south, there is an area of rock—indicated on the map as ‘l’Erée 
Gneiss ’"—which contains large pink felspar-crystals, up to 2 inches 
in length, similar to those of the granitic gneiss, but included in 
a dioritic ground-mass. This suggests a mixture of the two types. 


III. Tue PrerymMonr SHALE AND Grrr. 


At the south-western extremity of the island the cliffs, for a 
distance of over half a mile near Pleinmont, are formed of a dark, 
grey-green, compact rock greatly resembling a diabase: so much 
so that it was described as such by Hill & Bonney in 1884 (6); 
but, after further examination in 1911 (10), they correctly 
identified it as a grit, regarding it as posterior in age to the gneiss, 
and comparable in many respects with the Brioverian Grit from 
Bec-au-Fry (Britanny). At its northern extremity in Pezerie Bay 
the grit is pierced by a hornblendic dyke and by three acid dykes, 
which also pierce the gneiss. They resemble dykes which cut the 
later plutonic rocks of the north of the island, where their field- 
relations prove them to have been intruded at no great interval 
after these rocks. Hence we may infer that the Pleinmont Grit is 
intermediate in age between the gneisses of the south of the island 
and the younger dioritic suite of the north, and that it was 
deposited after the cessation of the main pre-Cambrian earth- 
movements. 

In 1922 Dr. G. H. Plymen (12) gave a brief description of a 
road-section which he discovered at Westend Cottage, about half 
a mile east of the Pleinmont Grit. The exposure is limited, but a 
pale grey-green shale in a very weathered condition is visible. 
More recently I came across a recent well-sinking where the 
Rue des Portelettes (6-inch Ordnance Survey Map, 1889) branches 
off towards the Imperial Hotel. This exposure is 300 yards east 
of Westend Cottage, and here the shale was encountered in a 
fresh condition immediately below the soil. 

In the hand-specimen it is a fine-grained, laminated, pale grey- 
green shale; it is fairly soft, slightly friable, and has a soapy feel. 
It contains some visible pyrites, and appears to be highly chloritic. 
Under the microscope it is seen to be composed of small irregular 
quartz-grains (showing undulose extinction) and felspar (orthoclase 
and albite). Both are interwoven with chlorite, and speckled 
with pyrites and magnetite; the last-named mineral occurs as 
small grains similar in size to the quartz and felspar, and in larger 
angular masses. The chlorite is clearly secondary after biotite, 
which is still in part preserved as flaky sheaf-like aggregates. 
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Another exposure of this shale occurs in a shallow cutting on the 
east side of the Rue des Vilains, the northern continuation of the 
Rue des Portelettes. At this spot the shale, in an extremely 
weathered condition, is seen to rest on a floor of diorite-gneiss, on 
which it must originally have been deposited. The exposure is 
only a few yards long and not much more than 2 feet deep; but 
clear evidence exists of the priority in age of the diorite. 

At Westend Cottage the shales are considered by Dr. Plymen to 
‘cease eastward by intrusion of a gneissic rock, which may be 
tentatively described as of dioritie origin’ (12). The shale would, 
therefore, appear to be older than the dioritic gneiss, a conclusion 
which is clearly not consistent with the relations observed in the 
Rue des Vilains. In neither case is there any sign of baking in 
the shale at the contact with the igneous rock, nor is the diorite 
chilled or even finer-grained than the normal, hence it may be 
inferred that the shales were deposited on an uneven floor of gneiss, 
so uneven that in places (as at Westend Cottage), the appearance 
of igneous intrusion may be suggested, whereas deposition around 
an irregularity in this floor of gneiss would seem to be the 
correct interpretation. 

Dr. Plymen regards these shales as equivalent to the Jersey 
formation, which is correlated with the Phyllades de St. Lé of 
Normandy (Brioverian). Thus it seems that the shale and grit of 
Pleinmont both form part of the Brioverian. Their preservation 
in Guernsey is probably due to faulting. 


IV. Laver Pre-CamMBrian INTRUSIONS. 


Dr. Bonney and Dr. John Parkinson have at various dates 
published full descriptions of these rocks, so that little further 
reference to them is necessary. They appear to represent a 
differentiation-suite ranging from hornblende-gabbro and diorite to 
tonalite and hornblende-granite, and, apart from the Cobo granite, 
occupy the whole of the island north of the gneisses. 

A group of small intrusions in the form of sills and broad dykes 
which oceur in places in the Granite-Gneiss are, however, un- 
doubtedly related to the diorites of the north. The first of these 
is encountered on the south side of the point on which Clarence 
Battery stands (see fig. 1, p. 376), and appears to persist south- 
wards across Fort Bay. This mass consists of a cream-coloured rock 
contrasting sharply with the surrounding gneiss, and studded with 
long, idiomorphic, dark-green hornblende crystals ranging in length 
from a quarter of an inch to Linch. The rock at its Junction with 
the gneiss is generally chilled; the hornblendes are much smaller, 
and the whole rock finer in grain for a width of 6 feet at the 
margin. Large xenoliths of gneiss, up to 6 or 8 feet in diameter, 
were detached by the intrusion and rotated so that the directions 
of foliation of any two never coincide (see fig. 4, p. 386). 

The next intrusions of this type occur north of Fermain Point, 
where two very wide dykes dipping west-north-westwards at 60° 


Q.J.G.8. No. 319. “P20 
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traverse the gneiss; on each side of the point two sills of a similar 
rock are seen: these rocks are of finer grain than at Clarence 
Battery. Owing to their ready weathering, the sills form a flat 
ledge on the northern promontory of Fermain Bay. When this 
side of the bay is looked at from the south the ‘sill habit’ of the 
intrusion becomes very obvious. 

The rock from these two localities shows in hand-specimens 
elongated acicular prisms of dark hornblende, set in a matrix of 
pale flesh-coloured felspar, in which little or no quartz is visible to 
the naked eye; specks of magnetite are scattered throughout the 
rock. Under the microscope some quartz is visible as small 


Fig. 4.—Fort Bay: sill-like intrusion of diorite in granite- 
gneiss ; view looking north-eastwards. 


[Di=Diorite ; Gn=granite-gneiss. | 
Scale: 80 inches=1 mile, or 1: 792. 


interstitial grains; the felspar is greatly altered, but andesine and 
some untwinned orthoclase are recognizable. The hornblende, which 
forms approximately 80 per cent. of the rock, occurred originally 
in beautifully idiomorphie crystals, but these are now somewhat 
corroded. It is commonly twinned, and is a bright-green, highly 
pleochroic variety. Magnetite, pyrites, some apatite, and a little 


sphene are the remaining constituents. A rock from the south-east 


of Jersey which somewhat resembles this was described by 
Dr. Parkinson (8), and attributed to the mixing of a dioritie with 
a highly felspathic magma. 


ee 


A 
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North of Fermain Point three parallel dykes of red microgranite 
striking north 20° west, and a diabase-dyke striking north 15° east, 
pierce one of the sills. These dykes are exactly ‘similar to those 
which in the north of the island are found ‘to penetrate the 
diorites. In that region the dykes are in turn cut by compact 
felsite-dykes which are presumed to be pre-Cambrian, since they 
are of the same composition as the acid lava-flows of Eastern 
Jersey, which are below the Grés pourpré, or basal Cambrian grit, 
of Britanny (10); and pebbles of a similar rock are plentiful at 
the base of the Grés feldspathique (Upper Cambrian) in Alderney 
and at Omonville. This group of intrusions in Guernsey may, 
therefore, be referred with some probability to the Pre-Cambrian 
Kra. 

The intrusion of hornblende-picrite at Bon Repos Bay and many 
of the dyke-rocks which are so abundant on the coast-sections 
along the southern cliffs have been described by Bonney & 
Hill (10). Since they have not been mapped previously, I have 
inserted them on the appended map (Pl. X XVI). 

One intrusion, which had not been noted before, forms the face 
of a small disused quarry on the Rue du Tertre, Catel. In the 
field it is a purple, rusty-weathering, compact rock with columnar 
jointing. Under the microscope it proves to be a beautiful 
spherulitic felsite. The spherulites are set in a ground-mass 
consisting partly of lath-shaped oligoclase-andesine, and partly of 
a eryptocr ystalline mixture of quar tz and felspar ; occasional laths 
of brown biotite measuring as much as 4 mm. in length also 
ocecur—these are easily detected in the hand-specimen. ‘This is 
apparently the only locality where this rock occurs in Guernsey ; 
unfortunately, its relations to the older rocks of the district can 
nowhere be observed, the surrounding area being under cultivation. 


My best thanks are due to Prof. O. T. Jones for his very helpful 


eriticism and advice. 
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EXPLANATION OF PLATE XXVI. 


Geological map of Southern Guernsey, on the scale of 1 inch to the mile, 
or 1: 63,360. 


Discussion. 


Dr. G. H. Prymen congratulated the Author on the interesting 
and useful additions which he had made to our knowledge of 
the geology of Guernsey. The speaker was prepared to accept the 
Author’s view that the Pleinmont Shale was later than, and resting 
on, the dioritie gneiss. The apparent evidence to the contrary, 
at Westend Cottage, being obscured by the weathering, was 
inconclusive. 

The noting of the Jerbourg Schist was a valuable discovery by 
the Author; it was probably an exposure of the Sark mica-schist 
of sedimentary origin, best seen at Havre Gosselin on the western 
coast of Sark. This mica-schist is invaded in lit-par-lit fashion 
by the acid differentiate of the Sark diorite-gneiss, and in Guern- 
sey there was probably a similar phenomenon, as the Author con- 
sidered that a relation existed between the granite-gneiss of the 
east of Guernsey and the diorite-gneiss of the west. 

A notable illustration of the great length of time required for 
the development of the Pre-Cambrian suite of rocks was afforded 
by the apparent absence of gneissic material in the basement 
Cambrian conglomerate of Jersey; and the equally remarkable 
apparent absence, in the supposed early Cambrian grits of Alder- 
ney, of any representative of the very fully developed Jersey Shale. 

The AurHor regretted that he was not better acquainted with 
the mica-schists of Sark, but considered that their correlation 
with the Jerbourg Schists would lead to the establishment of a 


more general succession among the metamorphic rocks of the 
Channel Islands. 


Quart. Journ. Geol. Soc. Vol. LXXX, Pl. XXVI. 
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16. Upper Vistan Corats of the Genus CAnrnra. by 
Herpert Price Lewis, B.A., F.G.S. (Read March 26th, 
1924.) 

[Puares XXVII-XXX.] 
InrRoDUCTION. 


‘'nE present research forms part of the investigation that is being 
made into the structure, affinities, and distribution of the Upper 
Viséan Caninoid corals. The majority of the specimens were 
examined at the Department of Geology, University of Sheftield. 
I express my great indebtedness to Prof. W. G. Fearnsides for 
the facilities for research which have been provided and for the 
interest that he has shown in my work. For much help in photo- 
graphy, and in a great many other ways, I cordially thank my 
colleague Mr. W. H. Wilcockson. Mr. W. J. Rees has also 
assisted me in photographie work. 

Prof. S. H. Reynolds very kindly conducted me over the Avon 
section, and for other help in the field I tender my thanks to 
Prof. E. J. Garwood, Miss E. Goodyear, Dr. E. Neaverson, 
Mr. W. H. Wilcockson, and to my brother, Mr. C. C. Lewis, who 
has on several occasions assisted me to collect material in 


North Wales. 


The bulk of the material examined was the result of my own 
collecting. For material which has proved of much assistance I 
am indebted to Miss I. Balmforth, Prof. P. G. H. Boswell, 
Prof. W. G. Fearnsides, Prof. E. J. Garwood, Miss E. Goodyear, 
Dr. F. L. Kitchin and the Director of H.M. Geological Survey, 
Dr. W. D. Lang, Dr. EH. Neaverson, Prof. 8. H. Reynolds, 
Principal T. F. Sibly, Dr. Stanley Smith, Dr. F. 8. Wallis, Mr. 
W. H. Wilcockson, Mr. H. Woods and the Sedgwick Museum, 
Sir Arthur Smith Woodward and the British Museum (Natural 
History). 

Prof. Reynolds kindly allowed me to examine the late 
Dr. A. Vaughan’s coral specimens and sections in the Department 
of Geology of the University of Bristol; and I am indebted to 
Dr. H. Bolton and Dr. F. 8. Wallis for allowing me to examine 
corals in the Natural History Museum, Bristol. Sir Arthur 
Smith Woodward very kindly gave me every facility to examine 
corals in the late Mr. G. H. Morton’s collection from the 
Carboniferous Limestone of North Wales, and other corals 
preserved in the British Museum (Natural History). 

For help and advice I thank most cordially Dr. F. L. Kitchin, 
Dr. W. D. Lang, Principal F. Sibly, Mr. Henry Woods, Mr. W. H. 
Wilcockson, and especially Dr. Stanley Smith, who has placed at 
my disposal the results of his own work on Caninia; he has also 
supervised my work, and provided me with advice, literature, and 
material. 


390 MR. H. P. LEWIS ON UPPER VISEAN [vol. Ixxx, 


Finally, my thanks are due to the Council of the Geological 
Society for conferring on me a Daniel-Pidgeon award to aid me 
in the prosecution of this work. 


Cantnta H. Michelin. 


Caninia ; H. Michelin, 1840.1 Congvés de Turin. 

Campophyllum (partim) ; Thomson, 1893, pp. 705-20. 

Campophyllum (partim) ; Vaughan, 1906, p. 139. 

Non Campophyllum ; Edwards & Haime, 1850, p. xviii. 

(Genotype: Cyathophylliun flexwosum ; Goldfuss, 1827, p. 57 & pl. xvii, fig. 
Devonian, Eifel. (See, however, C. Schhiter, 1889. )| 


Genotype: Caninia cornucopie H. Michelin, 1840, op. et. 
(See R. G. Carruthers, 1908, Geol. Mag. p. 158.) Tournaisian, 
France and Belgium. 

Diagnosis.—Simple Carboniferous Rugose Corals, the plain 
(non-carinate) septa of which are longer than those of "Ample us, 
yet do not meet, 0 or, if some fuse at weit distal ends, do not form 
a closed fossula, as in Zaphrentis. There is no columella nor 
central column. Dissepiments are typically few, but in advanced 
species are numerous, forming a wide ring. 

temarks.—The species here described exhibit characters 
typical of the genus Caninia, as defined by the careful revision of 
that genus by “Mr. R. G. Carruthers (1908) and Le A. Salée 
(1910). he species Oaninia juddi (Thomson) i s, therefore, 
removed from the later-established genus Gen posto sane in which 
it was placed by James Thomson. 

Caninia cornucopie Michelin, emend. Carruthers: this species 
resembles closely the earlier stages observed in O. yuddi (Thomson). 
In the earlier development of the dissepimental zone, the latter, 
however, agrees with C. cornucopie var. vesicularis Salée (1910, 
pp. 24-27) and C. cornucopie mut. Dy, Vaughan (1911, 
pp. 555-56). The C. cylindrica group? [ineluding C. cylindrica 
Scouler, Salée; C. herculina Salée (1910); C. hastierensis Salée 
and C. dorlodoti Salée (1912)] differs from C. juddi Thomson 
chiefly by the discontinuity of the major septa across the 
dissepimental zone, the greater number of ‘septa possessed at the 
adult stage, and by the more open spacing of the tabule. 


? Authors’ names followed by dates refer to the Bibliography at the end 
of this paper (p. 403). 

* The Director of the Bristol Natural History Museum has kindly allowed 
me to cut a specimen preserved in that museum and possessing a polished 
surface, which appears to be that figured by Milne-Edwards & Haime as 
Campophyllum murchisoni E. & H. in pl. xxxvi, fig. 3, of their ‘ British Fossil 
Corals’ Paleont Soc. Monogr. 1851. These authors mention that their 
species was preserved in the Bristol Museum (op. cit. p. 184). There are to 
be seen in horizontal section 65 major septa, a well-marked fossular break at 
certain stages, dissepiments, either of rectangular or of curved shape, 
according to the continuity or not of the septa across the outer zone; while 
vertical sections show the tabule to be greatly depressed at the cardinal 
fossula. All the features are thoroughly Caninoid, and appear to indicate 
that the species belongs to the same group as O. cylindrica Scouler, Salée. 
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Caninia patula Michelin, Salée (1910, p. 39) and C. densa Salée 
(1910, p. 48) exhibit a development markedly Palewosmiliad, and 
this, together with the absence of any marked Amplexoid stage, 
distinguishes these species from O. juddi. 

C. samsonensis Salée (1912, p. 58 & pl. D, fig. 1), though in 
some respects resembling C. judd, differs from it, however, in 
the projection of thickened minor septa for some distance from 
the thecal wall into the inner zone at an adult stage, and in the 
possession of a greater number of major septa. 


CanIntA JUDDT (Thomson ). 


Campophyllum juddi Thomson, 1893,! pp. 711-12 & pl. xvii, fig. 3. 

Campophyllum cylindricum Scouler; Thomson, 1893, pp. 705-706 & pl. xvi, 
figs. 1 a-1f. 

Campophyllum breviseptum Thomson, 1893, pp. 708-709 & pl. xvi, figs. 4-5. 

Campophyllum subfurcillatum Thomson, 1893, pp. 711-12 & pl. xvii, fig. 3. 

Campophyllum heteroseptum Thomson, 1893, p. 714 & pl. xvii, fig. 7. 

Campophyllum furcillatum Thomson, 1893, p. 754, explanation to pl. xvii, fig. 8. 

Campophyllun furcatum Thomson, 1893, pp. 714-15 & pl. xvii, fig. 8. 

Campophyllum rectangulare Thomson, 1893, pp. 715-16 & pl. xviii, figs. 1, la. 

Campophyllum amplexicum Thomson, 1893, pp. 717-18 & pl. xviii, fig. 4. 

Campophyllum supraphyllum Thomson, 1893, pp. 718-20 & pl. xviii, figs. 8-8 a. _ 

Caninia kokscarowi Stiickenberg, 1895, pp. 197-98 & pl. iii, fig. 12, pl. xii, 
figs. La, 1b, 4a—4“e. 

Caninia gebauri Stiickenberg, 1895, p. 195 & pl. ix, figs. 2a-2 b. : 

Caninia ruprechti Stiickenberg, 1895, p. 200 & pl. xvi, figs. 9a-9b, pl. xvii, 
figs. 5 a-5 b. 

Caninia lahuseni Stiickenbere, 1904, pp. 88-89 & pl. v, figs. 5 a-5 d. 

Campophyllum derbiense Vaughan, 1906, p. 139. British Museum Nos. R. 15307 
& R. 15403-4004. 

(No. R. 15307 is figured in Pl. XX VII, fig. 2, and is a transverse section cut 

somewhat obliquely, so that tabular intersections cross the central area and 
the extrathecal zone appears wider on the counter side).? 


Type-specimen.—That figured by Thomson, 1893, pl. xvu, 
fig. 3, Upper Viséan, Harelaw (Haddingtonshire). I have been 
informed by Mr. Peter Macnair that Thomson’s types were 
destroyed by fire at the Kilmarnock Museum, and that therefore 
no reference can be made to them. 


Neotype.—That figured in Pl. XX VU, figs. 3a & 38, from the 


1 Tn this paper Thomson describes and figures a section of one coral from 
Treland as Campophyllum (Caninia) gigantewm Michelin, pp. 709-10 & 
pl. xvii, fig. 1. The same section is figured in his previous paper (1883, 
pp. 378-79 & pl. vii, fig. 4). In that (1883) paper also, he described and 
gave a fieured section of another coral (p. 377 & pl. vii, fig. 2) which he named 
CO. cyl ndricum Scouler. Later, in his 1898 paper, the same figured section 
appears (pl. xvi, fig. 6) under the name C. cylindricum var. denticulatum, in 
the explanation of the plates (p. 753); but, in his brief description of the 
coral (p. 710), he adds that it agrees in all essential details with his C. gi- 
gantewm Michelin. Owing chiefly to their greater number of septa and the 
nature of the dissepiments, neither O. gigantewm Michelin (Thomson) nor 
C.denticulatum Thomson appears to be synonymous with Caninia juddi 
Thomson, as here defined, and in this they differ from Campophyllum cylin- 
dricum Scouler (Thomson, 1893). : 

2 Through the kindness of the former keeper of Geology, Sir Arthur 
Smith Woodward, I have examined the section (R. 15307) and have been 
supplied with a photograph of it (see Pl. XX VII, fig. 2). 
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Upper Dibunophyllwm Zone (Dz) of the Carboniferous Limestone 
at Wedber Brow, near Malham (Yorkshire). Preserved in the 
Sedgwick Museum, Cambridge. 


External Characters. 

Corallum.—Simple, slightly curved and conical near the 
proximal end, but usually becoming almost straight and cylindrical 
for the greater part of its length, which appears in some individuals 
to have reached 20 to 25cm. Occasionally marked reduction of 
the diameter of the corallum in the distal direction has been seen. 
The diameter of the adult cylindrical portion varies from about 
3 to6em. The corallum may occasionally exhibit rejuvenescence. 

Epitheca smooth, and longitudinal ridges, though present, are 
not always pronounced. Annular growth-swellings of the corallum 
may sometimes occur, even at an early stage. 

Calice.—One small specimen, from the D, beds at Llangollen, 
shows the gently sloping walls of a portion of a shallow calice, 
into which the major septa project as ridges for a distance of 
about 1 mm. 


Internal Characters. 
(a) Horizontal Sections. 


Septa.—Major and minor septa are present. The number of 
major septa present at the adult stage is usually about 50 to 54. 
At certain of the earlier stages some of the major septa reach the 
centre, later they retreat, leaving a tabulate area, varying from 
0:5 to over 1 em. in width, exposed in the central portion of the 
section. Stereoplasmic thickening may affect the inner portions 
of all the major septa within the theca; but usually the septa on 
the cardinal side of the coral are the more greatly thickened. At 
certain of the early stages the cardinal and counter-septa may be 
long; at the adult stage these septa are shorter than the remaining 
septa. The unthickened prolongations of the major septa, which 
traverse the extrathecal zone up to the epitheca, frequently are 
slightly sinuous. 

The minor septa appear before theca and epitheca can be 
differentiated (see Pl. XXVIII, figs. la & 16). They remain 
short throughout the life of the coral. In the adult stage, if the 
dissepimental tissue has had freedom for growth, the minor septa 
do not penetrate the inner rings of dissepiments, but cross only 
two or three of the peripheral rings, thus giving to the major septa 
the appearance of being well spaced. 

Fossule.—A cardinal fossula can be discerned at all stages 
of growth. It is always shallow, and is sometimes difficult to 
detect when the cardinal septum is long. The addition of septa 
is much slower in the earlier stages at the cardinal fossula than it 
is at the alar fossule.1 This is shown in fig. 1% (Pl. XXVIII), 


1 Dr. Stanley Smith has pointed out the similar nature of the addition of 
the septa in the genus Aulophyllum (1913, p. 61). 
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and fig. lg (Pl. XXIX), where, for about 16 major septa added 
in the cardinal quadrants, 22 have been added in the counter- 
quadrants. The alar septa, therefore, make acute angles with the 
line of the axial septum in the earlier stages. The alar fossule 
disappear before the addition of septa at the cardinal fossula is 
completed. The change in fossular appearance consequent on the 


Fig. 1.—The development of the dissepimental tissue in 
Caninia juddi (Lhomson). 


ve ey 


Oe ey 


[All these figures are magnified about 3} times. | 


addition of septa at a late stage is shown in figs. 2a-2f 
(Pl. XXX). . : 
Tabulx.—The tabular intersections vary greatly in outline, 
according to the plane at which the section cuts the tabula; and 
at the cardinal fossula they are convex towards the centre. 
Dissepiments.—These are added from a very early stage 
within the wall of the ecalice. In the adult stage none of the 
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dissepiments, or only those which are added near the rim ot the 
ealice, are traversed by minor septa. The remainder, the inner 
dissepiments, meet between the major septa, producing the 
‘herring-bone’ pattern as seen in transverse section. Small 
dissepiments may, or may not, be present attached to both epitheca 
and septa at the periphery. Extension inwards of the minor septa 
produces a ‘rectangular ” arrangement of the dissepiments (see 
Campophyllum rectangulare Thomson, 1893, pl. xviii, fig. 1). 

Text-figures la-—1f (p. 893) show diagrammatically the suc- 
cessive stages in the development of the extrathecal tissue. Large 
and irregularly-placed cavities are usually the result of the imperfect 
growth of the dissepiments, or of their subsequent destruction. 

Occasionally, crowding of the dissepiments is seen near the 
theca. but this is by no means a constant feature. The theca is 
usually thickened on the cardinal side of the coral. 

When the corallum is cylindrical, the width of the extrathecal 
zone may remain fairly constant, though more often the width of 
this zone varies not only at different levels in the same corallum, 
but also on opposite sides at the same level. ‘Thus, minor septa 
may be brought up to, and even penetrate, the thecal wall on one 
side of the coral, where the outer zone is narrow; while several 
rows of dissepiments may intervene between the theca and the 
minor septa on the other side, because there the outer zone is wide. 


(6) Vertical Sections. 


It must be realized that the appearance of the coral in vertical 
section varies considerably, according to the plane at which the 
section is taken. 

Tabulew.—A few tabule extend right across the intrathecal 
zone; but, asa rule, the majority extend only for a part of the 
way across. In general the tabule are depressed at the theca, and 
tend to sag in the middle portion of the corallum. These features 
are shown in the partly tangential section illustrated in Pl. XXVIII, 
fig. 2. 

"In sections through the cardinal fossula and the middle of the 
coral the tabulz appear more ‘open,’ and fewer short tabulze are 
seen; fig. 46 (Pl. XXVII) is a section of this kind, but here 
there is an approach to Caninia juddi var. cambrensis (see p. 397), 
in which the tabule are more closely set. 

The average number of tabule for a vertical distance of 1 cm., 
at an adult stage, is 10. 

Septa.—Where a section follows a septal plane, it can be seen 
that the major septa extend for some distance inwards along the 
upper surface of the tabule. 

Dissepiments.—The size, shape, and arrangement of the 
dissepiments, as seen in vertical section, vary considerably in 
different portions of the extrathecal zone. The width of this 
outer zone at an adult stage rarely exceeds 1 em.; but it is subject 
to variation, especially on the rejuvenescence of the coral. 
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Ontogeny. 


The youngest developmental stage observed is an early neanic 
stage. At the beginning of this stage and of a later neanic stage 
certain of the major septa reach, or approximate to, the centre of 
the corallum. At the close of each of these stages a retreat of the 
major septa from the centre takes place. 


The Early Neanic Stages, N,. 
5 3 1 


(a) ‘Zaphrentoid’ stage (Pl. XXVIII, fig. le & 
PE XTX) hie. Ve) Where, igea Zaphrentoid grouping 
of the septa, some of which reach the middle of the 
corallum. 


(0) Intermediate stage (Pl. XXVIII, figs. 1a,1b,1d& 
AD tied BY. * the majority of the septa have 
retreated from the centre, but the axial septum re- 
mains continuous across Ana, corallum. 


(ec) *Amplexoid” stage (Pl. XXVIII, fig. 1f & PL 
XXIX, fig: Le). 1—All the septa are distinetly shortened, 
though the counter-septum may remain longer than the 
rest, “and give a ‘ Lophophylloid’ appearance to the 
section. 


The Late Neanic Stages, N,. 


(a) Early ‘Caninoid’ stage (Pl. XXVIII, figs. 1e-17 
ll Ee.@.6 DG figs. 1 d- lf). —This may be regarded as 
a repetition of the Zaphrentoid stage (N, @), in which 
the major septa do not quite reach the centre. Septal 
thickening is pronounced. 


(6) Later ‘Caninoid’ stage (Pl. XXVIII, fig. 14 & 
Pl. XXIX, figs. 1g and 2 a—2d).—Accompanying the 
increase in width of the corallum as a whole, the major 
septa have retreated, leaving exposed a more or less 
wide central tabulate area. The counter-septum may be 
long. The cardinal fossula, although shallow, is ‘well 
defined. 


Dine epwebaic, cuage- (Pi xX Vid AS 1,38a, 36,44 &46, 
Pl. XXVIII, fig. 2, & “Pl. AXIX, figs, 2e, 27). ihe features 
shown at this adult stage have already been described. 


1 An Amplexoid stage occurred between the figured sections 1b and de 
(Pl. XXVIII). The terms ‘ Zaphrentoid’, ‘Amplexoid’, and ‘ Caninoid 
could, for the present purpose, be replaced by ‘stage with long septa’, 
‘stage with short septa’, and ‘more advanced stage with long septa’ respec- 
tively, although the grouping of the septa is also taken into account. Exact 
equivalence of the Zaphrentoid and Amplexoid stages with Zaphvrentis and 
Amplexus is ruled out by the presence of an extrathecal zone, which 
accompanies the later occurrence of these stages (see Pl. XXVIII, fig. 1 /). 
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The gerontic stage.—In individuals of some length, 
accompanying decrease in the diameter towards the distal ene 
of the corallum, and the thinning of the septa, the outer zone 
becomes narrower, the extrathecal prolongations of the major 
septa are destroy ed, and large dissepiments result. The coral then 
somewhat resembles in horizontal section ‘ Campophyllum’ 
caninoides Sibly ! (1906, p. 868 & pl. xxxi, fig. 2 6). 


Rhythmic Succession of Stages. 


In the early stages this is a marked feature. Examination of 
the figured sections of these stages (Pl. XXVIII & Pl. XXIX) 
will show that a stage with long “septa gradually gives place to a 
stage with short septa; and this is immediately followed by one 
with long septa, and so on. The rhythmic succession is not 
merely confined to noe length, but also to the disposition of 
the septa. Mr. R. G. Carruthers has shown that in Caninia 
cornucopie Michelin, the ‘dwmonti’ stage with long septa gives 
place to the ‘Amplexoid’ stage with short septa when the corallum 
becomes cylindrical (1908, p. 163). C. juddi (Thomson) appears 
to have adopted definitely this rhythmic succession of stages in its 
early life, irrespective of the shape of the corallum: that i is, the 
intercalation of one or more ‘ Amplexoid’ stages with short septa 
in the coral’s early life appears to be a specific character. 


Rejuvenescence. 


This sometimes occurs towards the close of the neanic stage, or 
at the beginning of the ephebie stage : that is, when the corallum 
has attained its cylindrical shape, and the addition of new septa 
has ceased. An increase in the width of the extrathecal zone, at 
the expense of a decrease in the diameter of the intrathecal zone, 
results. For the same number of septa, the diameter of the 
intrathecal area, in an individual which has undergone rejuven- 
escence, usually remains less than that of one in which no such 
rejuvenescence has taken place. 


Local Development. 


The corals showing the neanic stages 1 a-lLk (Pl. XXVIII) 
& la-lg (Pl. XXIX) respectively might be judged by some 
authorities to belong to different species, and at first I was 
inclined to regard them as being homeomorphic. I now believe 
that they illustrate a case of the parallel development of the same 
species in different environments.? The specimen shown in 


1 These features may be the result of pathological causes, and may not be 
ontogenetic in their nature; but they offer an explanation to account for 
records of the presence of C. aff. caninoides in the Upper Dibwnophyllum 
beds (see Sibly, 1908, pp. 44, 46). 

2 Allowance must always be made for what Dr. Stanley Smith has termed 
the ‘individuality’ of a coral (1906, p. 238). He found that in Lonsdaleia 
different development could be observed, even in individuals of the same 
colony. 


part 3] CORALS OF THE GENUS CANINIA. 397 


Pl. XXVIII was obtained from a matrix of pure ‘ knoll’-lime- 
stone, while that shown in Pl. XXIX was embedded in tough 
caleareous shale. The essential difference between the two corals 
appears to be the greater number of septa for the same diameter 
of corallum during the earlier stages of the coral’s habitat in the 
muddy sea. In both, the same rhythmic succession of stages can 
be followed, and in both the final expression in the ephebic stage 


is the same (see Pl. XXVII, fig. 83a & Pl. XXIX, figs. 2¢, 2,7). 


Preservation. 


This species is sometimes found in pure limestone as in a 
‘knoll’-fauna; but it is usually obtained embedded in argillaceous 
limestone, or in caleareous shale. The earlier-formed portion of 
the corallum is usually absent (it probably often decayed before 
the life of the coral ended). When shale is the enclosing rock the 
adult portion of the corallum is frequently crushed. A great part 
of the study of the development of the species had therefore to be 
carried out on fragments of coralla varying in length and 
exhibiting ‘overlapping’ stages of growth. The vacant spaces 
left after the removal of the soft tissue are frequently filled with 
mud: this obscures the finer tabula, and causes the obliteration of 
the thin inner prolongations of the major septa along the superior 
surfaces of the remaining tabule, producing a ‘ Campophyllid’ 
effect, as seen in horizontal section. When this masking of 
detail is accompanied by the destruction of the extrathecal tissue, 
a horizontal section has a ‘ Calophyllid’ or ‘ Amplexoid’ appear- 
ance at certain stages. 

Distribution.—See under C. yuddi var. cambrensis, p. 398. 


CANINta JuDDI (Thomson) var. CAMBRENSIS nov. 

Ty pe-specimen.—That figured in Pl. XXX, figs 1 a—l c, from 
the Carboniferous Limestone (D,), Treflach Wood, near Oswestry. 
Preserved in the Sedgwick Museum, Cambridge.! 


External Characters. 

These are similar to those described for C. yuddi. The proximal 
end is cornute; the cylindrical portion is usually of greater 
diameter for the same number of septa than in C. juddi, and 
may be slightly tortuous. No specimen yet examined has shown 
rejuvenescence. 

Internal Characters. 


In general, the characters are similar to those of the species 
itself. 


(a) Horizontal Sections (Pl. XXX, figs. la & 2). 


Septa.—The major septa on the cardinal side are considerably 
thickened within the theca, even at the adult stage (see Pl. XXX, 


1 Another typical specimen is No. Af. 2829 of the Geological Survey, 
Jermyn Street, from Puffin Island, Anglesey (D,). ww 
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fig. L@). The number of major septa for a diameter of 3 to 4°5 cm. 
for the intrathecal area is usually 48 or 49, but may reach 56. 
The minor septa are usually shorter than in the species, and often 
project as mere denticles from the epitheca. 

Dissepiments.—The shortness of the minor septa results in 
the ‘herring-bone’ pattern extending from the theca almost to the 
epitheca. The extrathecal zone may attain a width of 1 cm. or 
slightly more. 

Tabule.—The tabular intersections indicate a fairly long, 
narrow, cardinal fossula, and show the tabule to be close set. 
The central exposed tabulate area may attain a width of 1:5 em. 


(b) Vertical Sections (Pl. XXX, figs. 15 & 1c). 


The varietal distinction is based mainly on the appearance of 
the coral in vertical section. In sections through the fossula 
and middle of the coral (Pl. XXX, fig. 16), the tabule are 
more closely set than in Caninia juddi itself; the short tabule 
are not so arched; and, in general, the tabula appear flat in the 
centre and depressed near the theca. In a vertical distance of 
1 em. the average number of tabule is 15. 

From the occurrence of this coral in North. Wales and the 
Welsh Borderland, and its close resemblance to C. judd¢ (Thomson), 
I suggest that it be named Caninia juddi var. cambrensis. 


Distribution of C. juddi (Thomson) and C. juddi 


var. cambrensis nov. 


The species C. juddi (Thomson) as here defined, and its variety 
cambrensis are found in association. Their distribution appears 
to be confined to the Upper Dibunophyllwm Zone (Dg), although 
they may also form part of the D,-D, fauna in such regions as 
North Wales, where there is faunal overlap. 

North Wales.—G. H. Morton (1877, 18838, 1886, i897, 
1901) recorded Zaphrentis cylindrica Seouler, from various 
horizons in the Carboniferous Limestone of North Wales; but 
an examination of his collection in the British Museum (Natural 
History) and the study of material collected from his localities 
prove that he included under this name C. judd and its variety 
cambrensis, together with other corals which resemble C. patula 
in their development. 

Dr. Wheelton Hind and Mr. J. T. Stobbs (1906, p. 392) 
visited Morton’s localities, and recorded Campophyllum derbiense 
Vaughan MS., from a quarry at Prestatyn, and Campophyllum 
aff. murchisont Edwards & Haime, from T'reflach Wood (1906, 
p- 450); the latter is the variety cambrensis of the present paper. 

Arthur Vaughan mentioned the occurrence of the species (as 
CO. derbiense) in the Oswestry and Corwen districts (1915, p. 28). 
While it is fairly common in the D, beds near Oswestry, repeated 
search at Corwen has failed to disclose it. 


= 
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Dr. E. Greenly (1919) records Caninia juddi (Thomson) as 
Campophyllum sp. nov., in his Dy faunal list from Anglesey. 
He mentions in the appendix (1919, App. ii, p. 924) that this 
form is identical with C. derbiense Vaughan MS. Examination 
of several of the Geological Survey specimens from Anglesey 
and Puffin Island proves this identification to be correct. 

C. juddi (A) and its variety cambrensis (B) have been collected 
from the following localities :—The Llanymynech (A) and 
Treflach Wood (A,B) quarries in the Oswestry district; the 
Eglwyseg escarpment (A, B); the limestone north of the Llan- 
elidan fault near Llandegla (B), and from Halkyn Mountain (B) 
near Holywell. The Anglesey specimens come from Puttin Island 
(B); Bettws (A); near Llanallgo (A); near Tyn-y-gongl (A 
& B) and the cliffs near Llangoed (A). 

North-Western Province.—Collecting in -this province has 
been limited to the Settle and Grassington Districts, but to Prof. 
EK. J. Garwood I am indebted for a suite of Caninoid corals from 
various horizons in the North-Western Province. Out of this 
collection three specimens, one from the Lower Zonsdaleia Beds 
of Penyghent, one from the Simonstone Limestone, Ingleborough, 
and one from the Langcliffe Plateau, near Settle, belong to the 
species C. judd. From Wedber Knoll, my acquaintance with 
which I owe to the kindness of Miss E. Goodyear, I. have 
collected several specimens of ©. juddi and one of the variety 
cambrensis, while other specimens of the species have been 
obtained from the Lower Lonsdaleva Beds at Coldstones Quarry, 
near Greenhow Village, and at Kettlewell. 

The Midlands.—C. derbiense Vaughan is recorded from the 
D, beds of Derbyshire and North Staffordshire by Principal 
T. F. Sibly (1908), who remarks (p. 48) that the species is 
generally distributed, though rarely of common occurrence. Of 
the two specimens sent to me by Dr. Sibly and recorded by him in 
his paper (1908) as OC. derbiense, one from Moneyash proved to 
be the new variety cambrensis, while the other is the new species 
Caninia buxtonensis described on p. 400. 

Wheelton Hind, in his account of the geology of Staffordshire in 
‘Geology in the Field’ (1910), includes Campophyllum derbiense 
in his lists of D, fossils from Waterhouses (p. 570) and from 
Newbould, near Astbury (p. 574). 

The specimens that I have collected from this area were 
obtained principally from the Matlock district. They were 
confined to the D, beds, and, though poorly preserved, appear to 
be referable either to the species Caninia juddi or to its variety, 
more probably the latter. 

In Leicestershire Dr. L. M. Parsons found ‘ Campophyllum’ 
derbiense Vaughan, in the Ticknall and Breedon Cloud sections, 
accompanied by typical D,—Ds fossils (1918). 

South-Western Province.—Specimen R. 16707 of the 
Percival Collection in the British Museum (Natural History) is 
labelled ‘S. W. England’, and isa form of @. juddi (Thomson) 
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characterized by a wide extrathecal zone and fairly long minor 
septa. Two specimens, C. 4214, in the Bristol Museum, from the 
Avon Gorge, appear to belong to Caninia juddi. Vaughan also 
mentioned the occurrence of his species Campophyllum derbiense 
in the South-Western Province (1915, p. 25). 

Scotland.—J. Thomson’s species C. juddi and its synonyms 
appear to come from an Upper Viséan horizon (1893). 

Belgium.—Vaughan recorded Campophyllum cf. derbiense 
from the Va. beds of Warnant in the Anhée Basin. Prof. G. 
Delépine also gave a doubtful record of C. derbiense from near 
Namur, Samson section (1909, p. 429; but see Delépine 1911, 
peasy). ; 

Russia.—A. Stiickenberg figures and describes from Central 
Russia (1904), and from the Ural and Timan (1895), several speci- 
mens which appear to resemble C. jaddi Thomson, as here defined. 


CANINIA BUXTONENSIS sp. nov. 
Type-specimen.—That figured in Pl. XXX, figs. 8a-8f, 
from the Dibunophyllum Zone of the Carboniferous Limestone, 
Park Hill (Derbyshire). Preserved in the Sedgwick Museum, 

Cambridge. Collected by Principal T. F. Sibly. 


External Characters. 


Corallum.—Simple, cylindro-conical; probable length=about 
6 to 8em. Width of adult cylindrical portion=4cm. Rejuven- 
escence occurs near the base of the adult cylindrical portion. 

Epitheca.— Fairly smooth, showing faint but definite longi- 
tudinal ridges, and closely-set annular striations. 

Calice indefinite, probably fairly deep. 


Internal Characters. 


(a) Horizontal Sections (Pl. XXX, figs. 3a-3d, & 3f). 

Septa.—For a total diameter of 4. cm., or a diameter of the 
intrathecal area of 2°2 cm., 48 major septa are present. The 
stereoplasmic thickening of the major septa, characteristic of the 
late neanic stages (Pl. XXX, figs. 3a-3c), is greatly reduced 
as the ephebic stage (Pl. XXX, fig. 3/) is attained. Where 
the septa are thickened, the intrathecal thickening may be 
prolonged for some distance into the extrathecal area. The 
cardinal septum is short and weakly developed. The central septa- 
free tabulate area at the adult stage has a diameter of about 
1:2 cm. 

Ta bulez.—Tabular intersections usually show the tabulz to be 
irregular. The inward shift of the tabular intersections, indicating 
the depression of the tabule at the cardinal fossula, becomes less 
marked as growth proceeds. 

Dissepiments.—The nature of the dissepiments is character- 
istic of the species. The extrathecal zone, from an early stage 
onwards, can be divided into an inner area traversed by the major 
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septa, between which the dissepiments meet to give the ‘ herring- 
bone’ pattern, and an outer area of large dissepiments, concave 
outwards, not crossed by septa. Hence, the dissepimental struc- 
ture of this zone possesses the essential features of both Caninia 
cylindrica Scouler, Salée and C. juddi (Thomson) emend. Where 
the outer area of large dissepiments is reduced in width (see 
Pl. XXX, fig. 3d), the horizontal section of the coral closely 
resembles that of C. juddi. The theca is not thickened in the 
adult stage; but its position is indicated by the crowding together 
of the innermost dissepiments. 


(6) Vertical Sections (Pl. XXX, fig. 3e). 


Tabulz.—In the sections through the cardinal fossula and the 
centre of the coral the tabule are well defined. On an average 
12 tabul are present for a height of lem. They are considerably 
depressed at the cardinal fossula, and less so on the counter side 
of the coral. Some of the tabule extend right across the 
intrathecal area, while others extend for a shorter distance. As in 
C. juddi, there is a tendency for the tabule to sag in the central 
portion of the corallum. 

Dissepiments.—These, as seen in vertical section, are in 
general less curved than in C. judd7, and the obliquely elongate 
inter-dissepimental loculi approximate more closely in shape to 
those of C. guddi var. cambrensis. 


Ontogeny. 


It is unfortunate that no stage earlier than the late neanic stage 
is known. At this stage (Pl. XXX, figs. 3a-3c) the major 
septa are considerably thickened within the theca, which usually 
is slightly thickened. As in C. yuddi, more septa have been added 
at the alar fossula than at the cardinal fossula. The cardinal 
fossula is of the ‘open’ type, and is marked by the short 
thickened cardinal septum and the pronounced inward curvature of 
several tabular intersections in the tabulate area. The remaining 
tabular intersections are very irregular, and show the tabulz to be 
closely set. The minor septa are spasmodic in their occurrence, 
and appear readily to give place extrathecally to dissepiments 
showing the ‘herring-bone’ pattern. The dissepiments at an 
early stage are distinctly irregular, and the narrow outer zone may 
either be traversed by the major septa, or large curved dissepiments, 
outside of which the septa do not pass, may occur peripherally. — 

Distribution.—The holotype was sent to me by Principal 
T. F. Sibly, who collected it at Park Hill, just within the western 
border of Derbyshire, and about 4 miles south-south-east of 
Buxton. After this, the nearest town of importance, I suggest 
that the species be named. Dr. Sibly informs me that the coral 
‘occurred in association with a large Carcinophyllum in the white 

‘Jimestone interbedded with the white brachiopod-bearing lime- 
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stones of the famous Park Hill locality,’ which he believes may 
belong to D,, and at least not to an horizon lower than Dj. 

Remarks.—tThe species in its development, so far as it is known, 
resembles that of C. jwddi Thomson, and the features which it 
presents warrant its inclusion in the genus Caninia. It is 
interesting to note that some of the characteristics of C. 
bu«tonensis, as, for example, the dissepimental development and 
structure, are what might be expected in a species from which 
C. juddi and its allies might have arisen. It is chiefly for this 
reason that I have had the temerity to establish a species from one 
specimen, after search for further similar material in Derbyshire 
has failed. 


Notes on the Dissepiments. 


Dr. A. Vaughan divided his ‘ Campophyllids’ into ‘Caninid’ and 
‘Clisiophyllid’ sections (1906, p. 139), the principal features 


Fig. 2.—Probable evolutionary stages in the derivation of’ the 
‘herring-bone’ type of dissepimental arrangement seen in 
C. juddi (2d), from the Caninoid type characteristic of 
C. cylindrica (2 a). 


[All the above figures are magnified about twice. | 


separating these sections being the arrangement of the dissepi- 
ments. Caninia cylindrica Scouler, Salée (1910) has an extrathecal 
zone identical with that possessed by the former class, while 
C’. guddi (Thomson): that is, Campophyllum derbiense Vaughan 
exhibits the ‘Clisiophyllid’ arrangement. 'Text-figures 24-2 d 
show diagrammatically the probable relationship of the two dis- 
sepimental arrangements. 
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The earlier forms of Caninia cylindrica Scouler, Salée, have 
large dissepiments in the outer zone, which is not radiated, or only 
radiated in part, by septa (text-fig. 2a). The same dissepimental 
arrangement, with the major septa continuous across the outer zone, 
is shown in text-fig. 26. Straightening-out of the dissepiments 
produces the ‘ herring-bone’ pattern seen in fig. 2¢. In QC. juddi 
Thomson (fig. 2d) the inner portion of the extrathecal zone shows 
the ‘herring-bone’ (Clisiophyllid) pattern ; while in the peripheral 
portion minor septa are present, and the arrangement of the 
dissepiments is more or less ‘rectangular’. 

In C. buxtonensis a dissepimental arrangement is seen, which, 
from the very commencement of the formation of an extra- 
theeal zone, combines the features of the dissepimental zones of 
both C. eylindrica and C. juddi. 
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IXPLANATION OF PLATES XXVII-XXxX. 
Pruats XXVIII, 


Fig. 1. Oaniniajuddi(Thomson). Slightly oblique transverse section of very 
late neanic stage. Geological Survey specimen, No. Af. 2025. 
Natural size. D,. Tyn-y-gongl. Anglesey (Museum of Practical 
Geology, Jermyn Street). 

2, Caninia juddi (Thomson). (Campophyllum derbiense Vaughan.) 
Ephebic, or very late neanic stage. Transverse, partly oblique, 
section, collected, cut, and presented to the British Museum by Dr. 
A. Vaughan, B.M. No. R. 15307. Natural size. D,. Llangollen. 
Photographed by the British Museum (Natural History). 

Figs. 3a & 3b. Caninia juddi (Thomson). Neotype. Sections from the same 
corallum. Fig. 3a. Transverse section at the ephebic stage. 
Fig. 3b. Vertical section through the cardinal fossula and the 
middle of the coral (note the fractured tabule and the irregularity 
of the dissepiments). Natural size. D,. Wedber Knoll, Malham 
(Sedgwick Museum, Cambridge). 

4a &4b. Caninia juddi (Thomson). (Convergent towards C. juddi var. 
cambrensis nov.) Fig. 4a. Transverse section. Fig. 4b. Vertical 
section of the same corallum at the ephebic stage. Natural size. 
Specimen slightly tortuous. Collected by Prof. EH. J. Garwood. 
D,. Lower Lonsdaleia Beds. Old Ing, Penyghent (Sedgwick 
Museum, Cambridge). 


PLATE XXVIII. 


Figs. la-lk. Caninia juddi (Thomson). Transverse sections from one spe- 
cimen. Figs. la-lg. Harly neanic stages. Figs. 1h-lLk. Late 
neanic stages. All x 2. D,. Wedber Knoll, Malham (Sedgwick 
Museum, Cambridge). 

Fig. 2.°Caninia juddi (Thomson). Vertical section, cut tangentially, of an 
adult portion of the same corallum. In the middle of the section 
the septal ends and thickened tabule can be seen. Natural size. 
D,. Wedber Knoll, Malham (Sedgwick Museum, Cambridge). 


PLATE XXIX, 


Figs. la-lg. Ganinia juddi (Thomson). Transverse sections from one spe- 
cimen. Figs. 1a-lc. Early neanic stages. Figs. 1d-1lg. Late 
neanic stages. All x 2. lLlanymynech Hill, near Oswestry 
(Sedgwick Museum, Cambridge). 
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CANINIA JUDDI Thomson. 


(All sections are of the natural size.) 
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CANINIA JUDDI Thomson. 
(Figs. la—1g X2. Figs. 2a—2f, natural size.) 
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CANINIA JUDDI var. CAMBRENSIS. C. BUXTONENSIS. 
(Figs. la—tc & 3a—3f, natural size. Jed, Py XA) 
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Figs. 2a-2f. Caninia juddi (Thomson). Transverse sections from 1 inch of 
a corallum, showing fossular changes consequent on the addition 
of new septa. Natural size. D,. Treflach Wood, near Oswestry 
(Sedgwick Museum, Cambridge). 


PLATE XXX. 

Figs. la-le. Caninia juddi,* var. cambrensis nov. Holotype. Sections 
from one corallum. Fig. 1a, Transverse section at the ephebic 
stage. Hig. 1b. Vertical section through the septum flanking the 
cardinal fossula, Fig. 1c. Vertical section through the cardinal 
fossula and the centre of the coral. The dissepimental tissue on 
the counter side had been destroyed. Naturalsize. D,. Treflach 
Wood, near Oswestry (Sedgwick Museum, Cambridge). 

Fig. 2. Caninia juddi, var. cambrensis. Transverse section at the neanic 
stage. The dissepimental tissue has been destroyed. 2. D,. 
Treflach Wood (Sedgwick Museum, Cambridge). 

Figs. 3a-3f. Caninia burxtonensis sp. nov. Holotype. Figs. 8 a-8 d. Trans- 
verse sections of late neanic stages. Fig. 3e. Vertical section 
through the cardinal fossula and the centre of the coral at the 
ephebic stage. Fig. 3/. Transverse section at the ephebic stage. 
All the sections are of the natural size and from the same speci- 
men. Collected by Principal T. F. Sibly, and section 3d cut by 
him. D, or D,? Park Hill, Derbyshire (Sedgwick Museum, 
Cambridge). 


Discussion. 


The Prestpenr (Dr. J. W. Evans) asked whether any of the 
American palzeontologists had contributed to the literature of the 
evolution of Lower Carboniferous corals. 

Prof. W. G. FEaRNSIDES congratulated the Author on his pre- 
sentation of the first fruits of the course of research to which he 
had been encouraged by an award from the Daniel- Pidgeon Fund. 
When the Author first observed in the limestones about Llangollen 
the forms of Caninia which he had now deseribed, he had sup- 
posed that they were members of the C. cylindrica group, which 
had survived, and under special local conditions flourished at a 
period later than their proper zone. His further work had shown 
that it was not the corals, but only their names that were exotic, 
and the present paper was mainly a clearing of the decks for the 
presentation of the Author’s later zonal work. The speaker 
enquired whether the Author was of opinion that the new species 
that he had described were likely to be of stratigraphical value as 
indicators of a definite limestone zone. 

Dr. J. A. Dovanas congratulated the Author on the result of 
his investigations, but deprecated the use of the term ‘ Amplexoid 
phase’ to indicate a stage of ontogenetic development when the 
coral showed a waning vitality. The suggestion seemed to be 
implied that Ampleaus belonged to a phylogenetic series, of which 
Zaphrentis and Caninia were earlier members. This was not in 
accordance with field evidence. Ampleaus, in the speaker's 
experience, was rare in the normal type of Carboniferous Lime- 
stone. It occurred, however, in great profusion in the Syringo- 
thyris Zone of Western Ireland, which, like the Waulsortian phase 
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ot Belgium, must have been deposited under quite abnormal con- 
ditions. Its mode of growth was entirely distinct from that of 
Caninia. No dissepiments were developed, and the coral grew 
rapidly by a series of tabular ‘jumps’, which were so frequent 
that only rudimentary septa had time to form. Such a structure 
clearly denoted vigorous growth and adaptation to peculiar con- 
ditions and environment, and in no way suggested a waning 
vitality. He, therefore, advocated the substitution of the term 
‘Campophylloid ’, in place of Amplexoid as used by the Author. 
The Secrerary read the following contribution to the Dis- 
eussion sent by Dr. W. D. Lane: 


‘T am disappointed at not being able to be present at the reading of this 
paper. Having seen the Author’s work, I think that he is to be congratulated 
upon the thoroughness of his investigation and upon the several interesting 
points which he has noticed concerning the morphology, ontogeny, and bionomy 
of the described corals. 

‘The periodic repetition of stages during ontogeny is of particular interest. 
Very generally speaking, and considering for the moment only the distribution 
of the major septa as seen in transverse section, we may say that in the 
Carboniferous Rugose Corals there is a tendency during both ontogeny and 
phylogeny for the septa, which at first meet at the centre (Zaphrentoid phase), 
to shorten distally and so to break away from the centre (Caninoid phase), 
and, finally, to become very short, or Amplexoid.. The Author finds that not 
only is this trend carried out in the ontogeny of Caninia juddi as a whole, but 
that a period of Zaphrentoid, Caninoid, and Amplexoid phases is run through 
early in the ontogeny, and is followed by a second similar period at a later 
age. I would suggest that the Amplexoid phase reflects a waning of the 
coral’s vitality: that when it occurs early in the ontogeny, the cause may be 
environmental—it may be the end of a growing season when temperature and 
vitality are low or food-supply scanty: that, on the renewal of favourable 
conditions, vigorous growth recommences ; and then the coral recapitulates 
first a Zaphrentoid and then a Caninoid phase under the new conditions, and 
with a larger and more complex skeleton, just as corals (for instance, Para- 
smilia) tend to recapitulate at a rejuvenescence (which is allied, I believe, to 
branching), and as branching organisms tend to recapitulate at a branch. 
The ontogeny is thus seen to present a life-period with secondary similar and 
seasonal periods rhythmically repeated uponit. I understand thatthe Author 
does not suggest a rejuvenescence occurring after the first Amplexoid stage : 
if so, there would simply be recapitulation at rejuvenescence ; but, if not, there 
might well be renewed seasonal growth at that point.’ 


The AurHor stated, in reply to the President, that he was 
unaware of the existence of any American work dealing with the 
corals in the study of which he was engaged. 

With regard to the zonal value of the corals in question, the 
Author said that Caninia jguddi (Thomson) emend. ranged 
throughout D, and possibly up into the lower part of D,. 

He was pleased to find that Dr. Lang considered that certain 
phenomena found by him (Dr. Lang) to exist in the development 
of Parasmilia might be in harmony with the periodic repetition 
of stages seen in the development of Caninia juddi (Thomson). 
Dr. Lang’s suggestion that this periodic repetition of stages might 
be due to vigorous growth on the recurrence of: favourable con- 
ditions was a valuable one. As the Author had found a similar 
periodic repetition to occur at an early stage in a species of 
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Amplexus, which was not reflected outwardly in the shape of the 
corallum, he had no doubt that there was no rejuvenescence in 
the usually accepted sense, although rejuvenescence might oceur 
in the sense suggested by Dr. Lang. 

The Author agreed with Dr. Douglas that the term ‘Amplexoid’ 
was often assigned to a stage not showing all the characteristics 
of a true Amplexus; but he pointed out that, if the very ill-defined 
genus Campophyllum were retained, the term ‘Campophylloid’ 
should be restricted to the stages showing a well-developed dissepi- 
mental zone, which in Amplexus was absent. Confusion could 
only be avoided by giving a strict definition of the sense in which 
the various descriptive terms were used. 
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17. Descriprrons of Gasreropopa, chiefly in Mrs. RoBert 
Gray's Contection, from the Orpovictan and LOWER 
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J. INTRODUCTION. 


Since this contribution to the knowledge of the more ancient 
Paleozoic gasteropoda is primarily concerned with those from the 
Girvan district, contained in Mrs. Gray’s magnificent collection, 
reference is made to others only where they -afford further 
information concerning structure or distribution. Forty-one 
forms are dealt with, seven of which have been described and one 
named in MS. by previous authors. 

Twenty-four species and one variety from. the same district were 
described and figured by me in papers read before this Society in 
the years 1899, 1902, 1905, and 1906. Of these twenty-one 
species and a variety belong to genera referred to the Pleuro- 
tomaridz ; and now twenty-five species and a variety are added to 
this number. 

I am following Dr. E. O. Ulrich in his classification of the 
family, only making exception in the case of Omospira. He con- 
siders this genus more akin to Raphistoma Hall. It is, however, 
distinguished by having a sinus in the outer lip at the periphery, 
also a band on most of the whorls; this latter is never present in 
Raphistoma according to Hall, and also according to Dr. Ulrich 
himself. So far, I have not met with any specimens bearing 
the characteristics of Raphistoma sensu stricto in the Scottish 
Ordovician. The internal moulds of certain forms have been 
mistaken for that genus; but, where the structure is preserved, 
as will be pointed out, there can be no doubt that they belong to 
Liospira Ulrich. 

In what degree these ancient forms are really related one to the 
other and to the recent Pleurotomaria remains to be proved. 
The state of preservation makes it difficult or impossible in many 
cases to discern whether there existed a true slit or merely a sinus 
in the outer lip; all, however, have a band on the whorls. 
Elongated shells, such as Hormotoma, Donaldiella, and Eoto- 
maria, which approach Murchisonia in form, have only a sinus; 
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while the typical Murchisonie (ike Pleurotomaria) possess a slit 
with parallel edges, and thus have three areas of shell-deposition. 
Paleoschisma is the only Scottish Ordovician genus that appears 
to have a slit, while Schizolopha Ulrich, is the only American 
genus. Dr. Ulrich considers that Phanerotrema Fischer possessed 
a slit; the two species that I have seen from the Scottish 
Llandovery are not sufticiently well preserved to show this 
character very distinctly; in one specimen, however, there are 
indications of a shit. 

I must mention that there is probably another member of the 
genus Lophospira Whitfield in the Lower Ordovician, but the 
specimens are too imperfectly preserved to enable one to identify 
it with certainty. It is a somewhat large form, of which there 
are two examples from Minuntion in the collection of the Misses 
Gray, and another from Craighead in the Royal Scottish Museum, 
Edinburgh. 

The examination of a larger number of specimens of a shell 
that I described as a variety of Lophospira bicincta Hall under 
the name scotica Donald! has convinced me that the difference in 
form and ornamentation is sufficient to authorize us to consider it 
a distinct species. 

In addition to dealing with the Pleurotomariide in my former 
papers, I gave figures and descriptions of three other species, one 
possibly referable to the genus Ac/isina, and the others to two 
distinet genera of the Loxonematide. 


IT am now describing four new species belonging to three sub- 
genera of the Loxonematide ; two species of Maclurea, one of 
which has not been previously described ; four of Hecyliomphalus 
(two new); two of Lesweurilla (both new) ; one of Hwomphalo- 
pterus (also previously undescribed); and two of Clisospira, 
which are not only species new to science, but the genus itself does 
not appear to have been recorded from the British Isles before. 


Mrs. Gray’s collection has been acquired by the authorities of 
the British Museum (Natural History), and is now located there. 

I am deeply indebted for the loan of specimens to the late 
Mrs. Gray and her daughters, also for loans and assistance in 
studying to Sir Arthur Smith Woodward, Dr. F. A. Bather, 
Prof. J. E. Marr, Dr. F. L. Kitchin, Dr. J. Ritchie, Dr. G. W. Lee, 
Prof. J. W. Gregory, and Miss E. D. Currie, to all of whom I 
would offer most sincere thanks. 

In order to save space, the synonymy is restricted to only such 
references as are necessary for identification. 


1 Q. J. G.S. vol. lxii (1906) p. 564 & pl. xliv, figs. 3-4. 
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Il. Descrtprion OF THE FOSSILs. 


Family Pleurotomariide A. d’Orbigny. 
Genus LIOSPIRA Ulrich, 1897. 
LiosPIRA DISCIFORMIS, sp. nov. (Pl. XXXI, figs. 1-3.) 


Diagnosis.—Shell large, discoidal, spire low, flat or slightly 
convex. Whorls about six, flattened convexo-concave above.; 
periphery acutely angular, somewhat flange-like, overlapping the 
suture, and having a thread at the margin, in close contact with 
another thread or swelling on the upper part of the succeeding 
whorl. The greater portion of the band forms a shallow groove 
above the periphery ; upper limit indistinct, chiefly indicated by 
the lines of growth; point of the sharply angular sinus situated 
on the peripheral thread. Lines of growth above, coarse at 
intervals, with finer ones intercalated, curving back very obliquely 
to the band; below they run first obliquely forward, then almost 
vertically, after which they advance in a very convex curve, and 
finally turn almost direct into the umbilicus. Base convex, with 
a wide, deep, and subangular umbilicus. Aperture triangular, 
nearly horizontal above, angular at the upper outer edge, convex 
and prominent below. 

%emarks.—This species bears a considerable likeness to Liospira 
(Helicites) qualteriata Schlotheim, of which there are specimens 
in the British Museum (Natural History) from Reval (Esthonia), 
where the holotype was found. These agree with Schlotheim’s 
description and figures, but possess additional characters not noted 
by him, as four adult examples show a slightly grooved band, 
and one bears traces of the lines of growth. Liospira disciformis 
differs in being lower and more disc-like, and in the umbilicus 
being wider and more angular. It resembles a specimen from 
Petrograd, also in the British Museum, marked Raphistoma qual- 
teriatum (G. 750), which is larger and flatter than the type of 
that species. An exact comparison is, however, impossible, as no 
surface-markings are preserved. Both Lindstrém and Koken 
observed a certain amount of variation in the forms referred to 
Helicites qualteriatus Schlotheim, and the latter (1897, p. 163) 
named a mutation depressa which appears to have some resem- 
blance to the species under discussion; but the description is 
limited, and there is no figure. 

Internal moulds of the three species that I am here referring to 
Liospira vesemble Raphistoma, in which genus (among others) 
they have previously been placed; when, however, the real 
structure of the shell is preserved they may readily be dis- 
tinguished. The umbilicus is wider, the lines of growth sweep 
back more obliquely, and form a sinus at the periphery where there 
is a band, and the upper part of the outer lip is devoid of the 
sigmoidal curve characteristic of Raphistoma. Lindstrém placed 
HA. qualteriatus in Pleurotomaria, and accurately represented the 
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band of a small flat form from Oland which he referred to that 
species (1884, pl. xiii, fig. 16). 

The shape ot the Mie as also the character of the band, agrees 
with the genus Liospira Ulrich, as may be seen by Saale 
with the figures of one of his type-species, Z. micula (Hall) i 
pl. Ixviii, figs. 24-29, and with L. vitravia (Billings) in pl. ie 
figs. 3-8. en disciformis is much larger and flatter than these 
species, but the lines of growth are like those of the former ; 
payee the base with its angular wmnbilicus is sunilar to that of the 
atte 

Holotype (Pl. XXXI, figs. 2a-2d; G. 25,329).—This 
specimen is partly embedded and slightly crushed, but both the 
upper and the under surfaces are exhibited. 

Dimensions.—Greatest diameter above = 47 mm.; smaller 
diameter measured across the base = 42 mm. Length = about 
15)mm-. “A larger example (Pl: XXXI, fig. 1; G. 25,328) 
from the same locality has the base alone exposed ; its greatest 
width = 56 mm. 

Locality.—Dow Hill (1). 

Besides these, Mrs. Gray’s collection contains three specimens 
from Balelatehie (2). One is the external mould of the upper 
surtace of a large shell; the two others are almost perfect internal 
moulds f quite young examples, one of which is figured (Pl. XX XI, 
Ag. Bs 5,333). The greatest width = 9 mm.; least width 
= 7 mm.; ; fe about 2°5 mm. 

A large gasteropod in the Sedgwick Museum, Cambridge, from 
Aldons, “probably belongs to this species. It is, however, merely 
an internal mould of which only the upper part is visible, the 
base being embedded ; therefore it is impossible to identify it 
with certainty. 

Horizon.—(1) Stinchar Limestone Group; (2) Balclatchie 
Group (Conglomerate) ; Lower Ordovician. 

A specimen (No. M1684 @) from Wallace’s Cast, near Abingdon, 
in the collection of the Scottish branch of the Geological Survey, 
and two others .from Tyrone in the Wyett-Edgell Collection 
(30,182-183) in the Museum of Practical Geology, London, may 
be conspecific, but they are all too much crushed for exact 
identification. These are referred to the Caradocian by the 
Geological Survey. 


LiosPIrRA. STRIATULA (Salter MS.). (Pl. XXXI, figs. 4-5, & ) 
Pl. XXXII, figs. 1-2.) 


Raphistoma (striatula) Hughes & Etheridge, 1865, ‘Catal. Coll. Foss. Mus. 


Pract. Geol.’ p. 21. , 
Raphistoma striatula Salter MS. 1878, ‘Catal. Cambr. Silur. Foss. Mus. 


Pract. Geol.’ p. 55. 

Diagnosis.—Shell discoidal, spire low. Whorls about six, 
slightly convex above, more convex below, periphery angular, over- 
lapping the suture, bearing a thread at the margin which is in 
contact with another on the upper part of the succeeding whorl. 
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Band having the greater part above the angle slightly grooved, and 
limited on the apical side by a thin thread. Lines of growth 
curving backwards very obliquely to the band, closely packed on 
the band, and forming a sharp point situated on the peripheral 
thread; crossed by exceedingly fine spiral lines. Base convex, 
but little produced. Umbilicus deep, of medium width, sometimes 
filled up by shelly matter, producing the appearance of a solid 
columella. Aperture obliquely oblong, angular at the upper outer 
margin, rounded below. 

Remarks.—This species has not been described or figured 
previously, but was merely named by Salter in MS. and after wards 
recorded in the ‘ Catalogue of Cambrian & Silurian Fossils in the 
Museum of Practical Geology.’ Mrs. Gray’s collection contains 
eight examples, all smaller and less well preserved than the type. 
Liospira striatula is distinguished from L. disciformis by the | 
narrower and more slowly increasing whorls, the greater height 
and convexity of the base, the umbilicus being less wide, and 
having a more rounded margin, and by the band being more 
distinctly limited above. From ZL. qgualteriata it differs in being 
flatter above, and more regularly convex below. 

Among American species L. strzatula is most like Raphistoma 
(Maclurea) striatum Emmons, but the base is lower. 

Holotype (Pl. XXXI, figs. 4a—4.¢).—No. 380,181, Museum 
of Practical Geology, London. 

Dimensions. —TLeng th = 25mm.; greatest width = 53°5 mm. 
least width = 44 mm. 

Locality and horizon.—The holotype is from Penwhapple 
Burn, Girvan, and is referred to the Caradocian. Mrs. Gray’s 
specimens are from the Balclatchie Conglomerate, Balelatchie 
Group, and the matrix greatly resembles that of the holotype 
(Pl. XXXI, fig. 5, & Pl. 2OOcnb figs. 1-2; G. 25,384, G. 25,335, 
& G. 25,336). Lower Ordovician. 


LIOSPIRA ZQUALIS (Salter). (PI. XXXII, figs. 3 & 4.) 
Euomphalus qualteriatus (Schlotheim) Salter, 1848, Mem. Geol. Sury. vol. ii, 
pt. i, p. 356 & pl. xiv, fig. 7 


Raphistoma cequalis ova leraiom Salter) Salter, 1859, ‘Siluria’ 3rd ed. 
Appendix, p. 549, Foss. 37, fig. 


» 2 Trochus ellipticus, Portlock, Fea “Report on the Geology of the County of 
Londonderry, &e.’ p. 414 & pl. Wey wey I, 


Non Hisinger, 1837, ‘ Lethea Suecica’ p. 35 & pl. xi, fig. 1. 

Diagnosis.—Shell conical, spire of moderate height. Whorls 
about four, flattened convexo-concave above, periphery angular and 
turned upwards. Base moderately convex. Umbilicus elliptical, 
widely open, angular at the margin. Band indicated by a groove 
immediately above the periphery ; ; lines of growth sweeping back 
to it. 

Remarks.—There are four specimens of this species in 
Mrs. Gray’s collection; none is well preserved, and only one 
shows traces of the lines of growth. Salter at first erroneously 
identified this form with Z. (Helicites) qualteriata (Schlotheim), 
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but he afterwards corrected the mistake, and named it Raphistoma 
equalis. It is distinguished from L. gualteriata by its higher 
spire and upturned peripheral edge. The species which this most 
resembles is Helicites obvallatus Wahlenberg (1821, p. 73 & 
pl. iv, figs. 1, 2); but the latter has the whorls more exsert and 
step-like. Trochus ellipticus Portlock may possibly be conspecific; 
the type, however, is too much crushed to admit of certainty. 

The band is not distinctly exhibited, and there are only traces 
of a groove above the periphery on two specimens; it was probably 
similar to that of H. obvallatus as figured by Lindstrém (1884, 
plasm, fgs. 17 & 18). 

Holotype.—Liospira (Raphistoma) equalis (Salter). Mu- 
seum of Practical Geology, London. 

Dimensions.—Length = 24 mm.; greatest width = 47 mm. ; 
least width = 36 mm. 

Locality.—Bird Hill, Llandeilo. 

Horizon.—Caradocian. 

A shell from Girvan is associated with the type, but it appears 
to me distinct: there is no trace of the upturned margin, and it 
is merely an internal mould, having the features insufficiently 
preserved to characterize it. 

The specimens in Mrs. Gray’s collection are all smaller than the 
holotype, the largest (Pl. XXXII, figs. 3a-8¢; G. 25,342) con- 
sists of about one and a half whorls, and has a length of 12 mm. ; 
its greatest width =31 mm.; least width=27 mm. An unusually 
high example (Pl. XXXII, fig. 4; G. 25,344) has a length of 
15 mm. for three whorls, and width = 21 mm. 

Locality.—-Balclatchie. 

Horizon.—Balelatchie Group (Conglomerate); Lower Ordo- 
vician. 


LIosPIRA LENTICULARIS (Sowerby). (PI. XXXII, figs. 5 a—5c.) 
Trochus lenticularis Sowerby, 1839, ‘ Silurian System’ p. 642 & pl. xix, fig. 11. 
Raphistoma lenticularis Sowerby, 1859, ‘ Siluria’ 3rd ed. p. 549 & pl. x, fig. 10, 
Non Pleurotomaria lenticularis Conrad, in Emmons, 1842, ‘ Geology of New 

York’ pt. 11, p. 393, text-figs. 101 & 102. 
Non Pleurotomaria lenticularis Hall, 1847, ‘Paleontology of New York’ 
vol. i, p. 172. 

Diagnosis.—Shell dise-like, composed of a few rapidly increas- 
ing whorls. Whorls coiled on nearly the same plane, acutely angular 
at the periphery, flattened convex above, moderately convex below. 
Band on the outer margin, narrow, slightly grooved, limited on 
the apical side by a fine thread, a stronger thread on the periphery 
forming the lower boundary. Lines of growth indistinct, curving 
back to the band above. Umbilicus wide. 

Remarks.—This species is distinguished from members of both 
Trochus and Raphistoma by the possession of a sinual band. It 
somewhat resembles L. désc¢formis, but is smaller, flatter, and 
has more rapidly increasing whorls. The holotype is only an 
internal mould with the base embedded in the matrix. A Scottish 
specimen, though but little better preserved, exhibits the base, the 
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band at the margin of the whorls, and traces of the lines of 
growth. Liospira lenticularis is much flatter than L. (Helz- 
cites) qualteriata Schlotheim, with which species Lindstrém 
confounded it. 

I have only met with one Scottish example of this species, 
which I have compared with the holotype, and find it agrees very 
nearly in character and size. 

The holotype is from the Upper Llandovery at Sturedge Hill, 
Worcester, and is in the Geological Society’s Collection in the 
Museum of Practical Geology, London, No. 6870. Its greatest 
width = 25 mm. 

The Scottish specimen (Pl. XXXII, figs. 5a-5 c) has greatest 
width =23 mm.; least width = 185 mm.; length=4 mm. It is 
in the Hunterian Museum, University of Glasgow, and was 
presented by Mrs. Gray. No. 8 622. 

Loca lity.—Penkill. 

Horizon.—Penkill Group ; Upper Llandovery. 


Genus EHOTOMARIA Ulrich, 1897. 


ZJOTOMARIA CONVEXA, sp. nov. (Pl. XXXII, figs. 6a & 68.) 


Diagnosis.—shell conical, composed of a few rapidly increasing 
whorls. Whorls subangular near the middle of the body-whorl, 
smooth, flattened convex above, convex below. Band unmediately 
above the periphery, flat. Lines of growth forming a shallow 
sinus on the band, curving backward to it above, and forward 
below. <A hardly perceptible ridge exists a short distance below 
the band. Umbilicus narrow. Aperture subquadrate. 

Remarks.—This species is represented by a single internal 
mould, which is fairly well preserved. It comes nearest to 
HE. vicina Ulrich & Scofield (pl. Ixix, figs. 18-20), but differs in 
the whorls being more convex and of greater height above the 
band. 

Holotype (Pl XXXII, figs. 6a & 66).—Hunterian Museum, 
University of Glasgow. Presented by Mrs. Gray. No. S581. 

Dimensions.—Length = 10 mm.; width = 11 mm. 

Locality. Drummuck. 

Horizon.—Drummuck Group ; Upper Ordovician. 


HoTOMARIA THRAIVENSIS, sp. nov. (Pl XXXII, figs. 7-9.) 


Diagnosis.—Shell conical, composed of about six whorls. 
Whorls subangular, very slightly convex above. Band imme- 
diately above the periphery narrow, grooved, and bounded on each 
side by a thread. Lines of growth curving back to it above and 
below, with moderate obliquity. Base convex, not much produced, 
subangular a short distance below the band. Umbilicus narrow 
and deep. Aperture subquadrate. 

KRemarks.—There are nine specimens of this form in Mrs. 
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Gray’s Collection, all internal and external moulds. The spire is 
more elevated than in Hotomaria convexa, the band narrower, 
and the whorls are lower and less convex. 

Holotype.—Pl. XXXII, fig. 7. Internal mould, G. 25,411. 

_ Paratypes.—Pl. XXXII, tig. 8 (G. 25,414), aperture of an 
internal mould; fig. 9 (G. 25,413), wax impression of apical 
whorls from an external mould. 

Dimensions.—Length of holotype = 9 mm.; width = 12 mm. 
Length of fig. 8 =10 mm.; width =11mm. Length of fig. 9 
= 10°5 mm.; width = 12 mm. 

Locality.—Thraive Glen. 

_Horizon.—Drammuck Group (Starfish-Bed) ; Upper Ordo- 
vician. 


EOTOMARIA SUBPLANA, sp. nov. (Pl. XXXII, fig. 10.) 


Diagnosis.—Shell conical, low, composed of about six whorls. 
Whorls subangular near the middle, fiattened above, convex below. 
Band of medium width, situated above the periphery, lines of 
growth curving back to it above with moderate obliquity, and 
sloping forward below with apparently greater obliquity. Base 
convex, umbilicus rather narrow. Aperture unknown. Section 
of whorl subquadrate. 

Remarks.—The only example of this shell in Mrs. Gray’s 
Collection is very imperfect, but enough is preserved to warrant 
us in regarding it as a new form. It is larger than the other two 
Scottish species, and the whorls are flatter. 

Holotype.—Pl. XXXII, fig. 10; G. 25,441. 

Dimensions.—The greatest length exhibited =18 mm.: 
width = 22 mm. 

Locality.—Balclatchie. 

Horizon.—Balclatchie Group (Conglomerate); Lower Ordo- 
vician. ° 


Genus CLATHROSPIRA Ulrich, 1897. 


CLATHROSPIRA TROCHTFORMIS (Portlock). (Pl XXXII, figs. 11— 
1s) 
Pleurotomaria trochiformis Portlock, 1843, ‘Report on the Geology of the 
County of Londonderry, &c.’ p. 14 & pl. xxx, fig. 9. 

Diagnosis.—Shell trochoidal, composed of about five whorls. 
Whorls angular, flattened convexo-concave above, slightly concave 
or flat below. Band situated on the angle, submedian on the 
body-whorl, juxta-sutural on the whorls of the spire; almost 
vertical, of moderate width, slightly grooved, and bounded on 
each side by a strong thread. Lines of growth strong and clearly 
defined, forming crescents on the band, running backward to it 
above, and obliquely forward at first below, then almost vertically, 
and finally turning back to the umbilical region. The surface of 
the shell presents a fretted appearance, owing to numerous exceed- 
ingly fine lines which cross the lines of growth. Base but little 
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produced, imperforate, subangular at a short distance below the 
band. Aperture quadrate, inner lip somewhat thickened, or 
slightly reflected on the columella. 

Remarks.—There are three examples of this species in 
Mrs. Gray’s Collection, all more or less crushed and partly 
embedded in the matrix, but the surface is generally well preserved. 
Clathrospira trochiformis bears some resemblance to -Plewro- 
tomaria claustrata Lindstrém from the Silurian of Gotland, 
but is more depressed, and the band is on or above, instead of 
below, the periphery. 

Holotype.—This is in the Museum of Practical Geology, 
London; it is compressed and embedded in the matrix, and came 
from the Caradocian of Desertcreat (Tyrone). Associated with it 
is a specimen (No. 85,781) showing the aperture, which is figured 
here, Pl. XXXII, fig. 11. 

The length = 28°5 mm. 

The largest of Mrs. Gray's shells has a length of 15 mm. for 
the four whorls exposed, and a width of 23 mm. (PI. XX XIT, 
fic. 13; G. 25,384). 

Locality.—Ardmillan. 

Horizon.—Balclatchie Group; Lower Ordovician. 


Genus BEMBEXIA (Céhlert, 1887. 
BEMBEXIA GLOBOSA, sp. nov. (Pl. XXXV, figs. 8 a—8 ¢.) 


Diagnosis.—Shell conical, composed of about seven rapidly- 
increasing angular whorls. Angle a little above the middle of 
the body-whorl, and considerably below the middle of the earlier 
whorls, concave above, also immediately below the angle, then 
convex with a slight subangularity on the base. There is a ridge 
below the upper suture, and another midway between it and the 
angle. Band situated on the angle, grooved and bounded by 
keels. Lines of growth very oblique immediately above and below 
the band, continuing downwards almost vertically ; forming cres- 
cents on the band, indicating a moderately deep sinus. Aperture 
subquadrate, not much produced. Inner lp reflected on the body- 
whorl. Columella thickened, slightly inclined. No umbilicus. 

RKemarks.—I refer this species to Bembexia, as it seems to 
accord most nearly with the characteristics of that genus. It must, 
however, be remarked that the band is not quite so wide as that 
of the Devonian genotype, B. /arteti (Munier-Chalmas), which 
D. & P. Ghlert (1887, p. 24 & pl. ix, fig. 1) describe as having 
the ‘fente large et peu profonde’, and which they consider similar 
to the Silurian Pleurotomaria biformis Lindstrém and P. hindet 
Lindstrém (1884, pp. 98, 99 & pl. vii, figs. 39-42, pl. xix, figs. 15, 
16). Since B. globosa also resembles these forms, especially the 
first-named, it appears advisable to associate it with them; but I 
regard it as specifically distinct from both, by the character of its 
ornamentation, as well as by the absence of an umbilicus: in this 
latter feature it agrees with the genotype. 
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Holotype.—Pl. XXXV, figs. 8a-Se; G. 25,355. Mrs. Gray’s 
Collection. . 
Dimension s.—Length = 22 mm.; width = 21 mm. With 
this are four other specimens from the same locality, one of which 
is larger, but not so well preserved. It measures 26 mm. in length 
and 80 mm. in greatest width. ' 
Locality.—Thraive Glen. 
Horizon.—Drummuck Group ; Upper Ordovician. 


Genus LOPHOSPIRA Whitfield, 1886. 
Perangulata Section Ulrich, 1897. 
Perangulata Subsection Ulrich. 


LOPHOSPIRA OBLIQUESTRIATA, sp. nov. (Pl. XXXIII, fig. 8.) 


Diagnosis.—Shell of medium size, composed of more than 
four whorls. Whorls acutely angular near the middle, concave 
above and below, a strong keel on the angle representing the sinual 
band, a slighter keel near the suture, and another below, on the 
body-whorl, about the same distance from the band. Lines of 
growth sharp and distinct, curving very obliquely backward to the 
band above, and forward below, making an acute bend on the band 
itself, indicating a narrow sinus. Base convex, umbilicus small. 
Aperture imperfectly known. 

Remarks.—I have only met with two specimens of this species, 
both of which are imperfect; the surface of one is, however, ex- 
tremely well preserved. It bears most resemblance to ZL. peran- 
gulata Hall (1847, p. 41 & pl. x, fig. 4), but is larger, and has a 
distinct keel below the suture which is absent in that species. It 
differs from L. obliqua Ulrich (1897, p. 965 & pl. lxxii, figs. 6-8) 
in having a more flange-like band and more oblique lines of 
growth. 

Holoty pe.—tThe best-preserved specimen (Pl XX XITT, fig. 8), 
consisting of one and a half whorls. Length = 165 mm.; width 
=15mm. G. 25,346. Mrs. Gray’s Collection. 

Locality.——-Balelatchie. ee 

Horizon.—Balelatchie Group; Lower Ordovician. 


LOPHOSPIRA SHALLOCKENSIS, sp. nov. (Pl. XXXIV, fig. 1.) 


Diagnosis.—Shell rather large, composed of more than two 
whorls. Whorls convex, but slightly angular near the iiddle, 
with a strong ridge above at the suture. Band submedian, some- 
what prominent, narrow, and limited by a groove on each side. 
Lines of growth coarse at irregular distances apart, with finer ones 
between, curving obliquely backwards to the band above, and 
forwards below, and indicating a shallow notch in the outer lip. 
Base convex, produced. Aperture longer than wide. No umbilicus. 

Remarks.—Mrs. Gray’s Collection contains only one specin.en 
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of this species, which is crushed and very imperfect, consisting 
merely of the body and a portion of the penultimate whorl. 
I should have hesitated to describe it as a new species, were it not 
that its distinctive characters appear sufficiently preserved to 
admit of future specimens being identified with it. 

Holotype.—Pl. XXXIV, fig. 1; G. 25,348. Mrs. Gray’s Col- 
lection. 

Dimensions.—Length = 34 mm.; width = 22°5 mm. 

Locality.— Shallock Mill. 

Horizon.— Whitehouse Group; Middle Ordovician. 


LOPHOSPIRA WOODLANDI, sp. nov. (Pl. XX XIII, figs. 7a & 7b.) 


Diagnosis.—Shell rather large, turreted. Whorls about five, 
angular above the middle of the body-whorl, and below in the 
whorls of the spire, excavated above, almost vertical below; a strong 
ridge exists between the upper suture and the angle, and another 
ridge between it and the lower suture. Band on the angle promi- 
nent, composed of a thick central keel, with a finer one on each side. 
Lines of growth coarse, curving back to the band above and 
forward below with a moderate degree of obliquity, crossed and 
reticulated on the base by strong spiral threads. Base convex, 
somewhat produced. Aperture imperfectly known. 

Remarks.—There are two specimens in Mrs. Gray’s Collection, 
both more or less crushed and imperfect. This species bears some 
resemblance to L. turrita Portlock; but it is bigger, and has a 
wider spiral angle. 

Holotype.—Pl. XXXIII, figs. 7a & 76; G. 25,388. 

Dimensions.—Length = 32 mm.; width = 40 mm. 

Paratype.—G. 25,389. 

Locality.— Woodland Point. 

Horizon.—Saugh Hill Group; Middle Llandovery. 


Serrulata Subsection Ulrich, 1897. 


LoPHOSPIRA PTERONOIDES, sp. nov. (Pl. XX XIII, figs. 9 a9 C.) 


Diagnosis.—Shell of medium size, turreted, composed of 
about six angular whorls. Whorls convexo-concave above, flattish 
below, base convex. Band submedian on the body-whorl, below 
the middle of the whorls of the spire, narrow, trilineate, central 
thread most prominent, surmounted by a flange-like projection. 
Lines of growth fine and close together, running back to the band 
above, and forwards immediately below, then passing directly 
downwards. Ornamentation above the band, consisting of a 
rounded ridge a little nearer to the suture than to the band; below, 
of eight keels on the body-whorl, only two being exposed on the 
penultimate whorl; microscopic threads covering the entire 
surface. Aperture subovoid. 

Remarks.—tThe single example of this species is much crushed ; 
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it is, however, remarkable for showing a flange-like projection 
formed over the band similar to that of Lophospira serrulata 
(Salter). This is well preserved on the body-whorl (Pl. XX XIII, 
figs. 9b & 9c), and vestiges of it are also seen elsewhere. 
L. pteronoides differs from L. serrulata in the flange being less 
strongly serrated, and in the ornamenting keels being more 
numerous. Prof. R. P. Whitfield mentions a flange as characteristic 
of several species of the genus, but Dr. Ulrich (1897, p. 970) has 
only observed it in L. serrulata, and he considers that Whittield 
may have mistaken different stages in the growth of this species 
for distinct forms. 

Holotype-—Pl. XXXII, figs. 9a-9¢; G. 25,349. Mrs. 
Gray’s Collection. ; 

Dimensions.—Length = 18 mm.; greatest width = 15 mm. 
The shell is flattened by pressure: thus the width represented is 
greater than it must originally have been. 

Locality.—Woodland Point. 

Horizon.—Saugh Hill Group; Middle Llandovery. 


Bicincta Section Ulmch, 1897. 


? Holmi Subsection Ulrich. 
LOPHOSPIRA CANCELLATULA (M‘Coy). (Pl. XXXITI, figs. 1. & 2.) 
Murchisonia cancellatula M‘Coy, 1852,‘ British Paleozoic Fossils’ p. 292 & 
pl. it, figs. 20, 20a. 

Diaguosis.-—Shell turreted, composed of at least seven whorls. 
Whorls angular, flattened above and below; angle near the middle 
of the body-whorl, but much below in the whorls of the spire. 
Sinual band situated on the angle, composed of a strong central 
keel with a finer one on eachside. Lines of growth sharp, sloping 
back to the band above, forming a deep sinus on it, and then 
running forward at first below, and afterwards slightly backward. 
Surface ornamented by numerous, spiral threads reticulating the 
lines of growth, from four to six of the upper threads being stronger 
than the others, those on the base varying irregularly in strength. 
Base convex. Aperture subrhomboidal, imperfectly known. 

Remarks.—The holotype is an internal mould, and exhibits 
only traces of ornamentation; but associated with it is a shell 
partly embedded in the matrix, which has the surface better 
preserved ; also there are good specimens in Mrs. Gray’s Collection 
from the same locality, some of which are figured here. The 
manner in which the anterior whorl overlaps and fills in the suture 
between the preceding whorls is an interesting feature, and causes 
a complete example to have a very different appearance from an 
internal mould. ‘Thus, the suture looks as if it were surmounted 
by a band in the former, while it is deeply excavated in the latter. 
The umbilicus also is widely open in the mould, and more or less 
filled in where the test is preserved. This species bears some 
resemblance to L. turrita (Portlock), but is distinguished by its 
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less exsert whorls and by the strongly-reticulated spiral threads 
on the upper part of the whorl. 

Holotype.—Sedgwick Museum, Cambridge, figured by M‘Coy, 
‘ British Paleozoic Fossils’ pl. it, figs. 20 & 20a. 

Dimensions.—Leneth = 26 mm.; width = 23 mm. 

Topotype.—Gray Collection. Pl. XXXIII, fig. 1; G. 25,427. 

Dimensions.—Length of the specimen illustrated in fig. l= 
22 mm.; width = 20 mm. 

Locality.—Mullock Hill (1). There are six specimens in 
Mrs. Gray’s Collection from this locality, also one (Pl. XX XITI, 
lig. 2, G. 25,467) from Newlands (2). 

Horizon.—(1) Mullock Hill Group ; Lower Llandovery. 
(2) Saugh Hill Group; Middle Llandovery. 


LOPHOSPIRA CANCELLATULA, var. TENUISTRIATA nov. (PI. 
XXXITI, fig. 3.) 

This variety is distinguished from the typical form by having the 
band formed of four or five nearly equal threads, instead of three 
with the central one stronger; on some specimens, however, this 
difference is observable only on the body-whorl. Also, the upper 
spiral ornamenting threads are not so strong, some of the shells 
merely having a single thread stronger than the rest about midway 
between the band and the suture. All the examples are more or 
less crushed, and it is difficult to ascertain to how great an extent 
the variation from the typical form is the result of imperfect 
fossilization and preservation. 

Holotype—the shell figured in Pl. XX XIII, fig. 3, G. 25,392, 
consisting of four whorls partly embedded in the matrix. Length 
= 25 mm.; width = about 30 mm. 

Locality.—lIt and five other specimens occurred at Woodland 
Point (1). Mrs. Gray’s Collection. 


There is also a small example, consisting of two whorls 
embedded in the matrix, from Mullock Hill (2), G. 25,425. 
Another, from the same locality, having about five whorls, appears 
to be intermediate between the typical form and the variety. A wax 
impression: taken from the external mould of the body-whorl 
is figured in Pl. XXXIII, fig. 4; G. 25,428. In this the band 
is prominent like the type, but it is composed of four threads, 
and the upper spiral ornamentation is not so strong; this, how- 
ever, may arise partly from bad preservation. The lines of growth 
are distinct, and indicate a deep sinus. 

Horizon.—(1) Saugh Hill Group ; Middle Llandovery. 
(2) Mullock Hill Group; Lower Llandovery. 


LoPHosPIRA THRAIVENSIS, sp. nov. (Pl. XXXIII, figs. 5 & 6.) 


Diagnosis.—Shell turreted, low, composed of about five 
whorls, Whorls angular, convexo-concave above, slightly concave 
below. Band on the angle, submedian on the body-whorl, low on 
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the earlier whorls, rather wide, consisting of a strong central keel, 
with a finer one on each side. Lines of growth coarse and distinct, 
curving back to the band above and forward at first below, then 
passing rather obliquely downwards; forming fine crescents on the 
band. Two very strong spiral threads above, with a finer one 
between the lowest and the band; a coarse thread below the 
band, with sometimes another intercalated; on the base numerous 
spiral threads : all the threads are nodular at the crossing of the 
lines of growth. Base convex. Aperture subquadrate, inner lip 
reflected on the columella. Umbilicus open in the mould, covered 
by the inner ip when the shell is complete. 

Remarks.—There are nine specimens in the collection of 
Mrs. Gray and one in that of the Misses Gray, all in the condition 
of internal and external moulds. This species has coarser orna- 
mentation and more excavated whorls than Lophospira cancel: 
latula M‘Coy ; its lower form and more elaborate ornamentation 
distinguish it from ZL. turrita (Portlock) and L. bellicarinata 
Donald, also the whorls are less flat than those of the former. 

Holotype.—Pl. XXXITI, fig. 5; G. 25,407; photographed 
from a wax impression. 

Dimensions.—Length = 19 mm.; width = 19°5 mm. 

Paratype.—PIl. XXXIII, fig. 6. Collection of the Misses Gray ; 
also taken from a wax impression. 

Locality.—Thraive Glen. 

Horizon.—Drummuck Group (Starfish-Bed). 


Genus MOURLONTA IL. G. de Koninck, 1883. 
Subgenus PROMOURLONTA, nov. 


Diagnosis.—Shell turbinate, composed of a few convex whorls. 
Band narrow, level with the surface, limited by a thread on each 
side, on or immediately above the periphery. Sinus short. Outer 
lip not receding below, being nearly vertical except immediately 
below the band, where it advances for a very short space. Umbili- 
cus open. 

Remarks.—T wo species are referable to this subgenus ; on both 
there are very fine spiral threads, and the lines of growth are 
bifureated above. Promourloniais distinguished from Mourlonia 
by the form of the outer lip, the shallow sinus, and the absence of 
an impressed space above the band. It resembles both Stenoloron 
(Ehlert and Gyroma Ghlert in its low form, convex whorls, open 
umbilicus, and in the character of the band. It differs from the 
former in the band being wider and not situated so high on the 
whorl, in having one or more raised threads on the surface, and in 
the umbilicus being narrower; from the latter in having no 
flattened space below the suture and fewer strong raised threads ; 
thus there is no resemblance to Horiostoma as in Gyroma. 

Genotype.—Promourlonia furcata, sp. nov. 
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PROMOURLONIA FURCATA, sp. nov. (Pl. XXXV, figs. 10 a-10 c.) 

Diagnosis.—Shell turbinate. Whorls few, convex, increasing 
rapidly. Band submedian on the body-whorl, appearing above the 
suture on the penultimate whorl. Lines of growth fine and closely 
packed on the band, indicating a shallow sinus ; curving backward 
above, somewhat strong, bifurcate or with plain lines intercalated ; 
curving forward below for a short distance, then running almost 
direct into the umbilicus, very fine, with stronger lines interea lated 
on the base. A prominent ridge on the body-whorl, at a distance 
below the band of approximately twice its width. Aperture 
imperfectly preserved, inner lip thin, slightly reflected over the 
umbilicus. 

Remarks.—This species is represented by only one specimen in 
Mrs. Gray’s Collection, which is imperfect and partly embedded 
in the matrix; but the surface of the body-whorl is well pre- 
served. It somewhat resembles MJourlonia egens (Barrande)— 
which Dr. J. Perner, however, does not consider a typical species of 
the genus,—but it differs in being lower and having a strong ridge 
on the body-whorl. Jt also bears a likeness to the more globose 
forms of Pleurotomaria equilatera Wahlenberg as figured by 
Lindstrém (1884, pl. ix, figs. 26-28), but is distinguished by the 
angularity on the base, the band being higher on the penultimate 
whorl and of greater width. 

Holotype.—Pl..XXXV, figs. 10a-10¢; G. 25,860. Mrs. 
Gray’s Collection. 

Dimensions.—Length = 10 mm. ; width = 15°5 mm. 

Locality.—Bargany Pond Burn. 

Horizon.—Camregan Group ; Llandovery Series. 


PROMOURLONIA AMBIGUA, sp. nov. (PI. XXXYV, figs. 9a—9c.) 


Diagnosis.—Shell turbinate, short. Whorls about five, convex. 
Band submedian on the body-whorl, a short distance above the 
suture on the penultimate whorl. Lines of growth strong and 
bifurcated above, running backward to the band, indicating a 
narrow shallow sinus; then curving forward at first below, and 
afterwards passing almost vertically into the umbilicus. A thread 
at the suture, and a coarser one about midway between it and the 
band, another a short distance below the band, and four slighter 
threads on the base, rendered slightly and irregularly nodular by 
the lines of growth. Surface covered by exceedingly fine spiral 
lines. Base convex. Aperture imperfectly known. 

Remarks.—This species is represented by two specimens in the 
collection of Mrs. Gray, and also by another which she presented 
to the Hunterian Museum, Glasgow University. None of the 
examples is entire, but the surface is fairly well preserved. 
P. ambigua somewhat resembles young examples of Pleuwrotomaria 
limata Lindstrém, but differs in the lower part of the outer lip 
not receding, also in the margins of the band—so far as known— 
being less developed. 
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Holotype.—Pl. XXXV, figs. 9a-9c; G. 25,361. 

Dimensions.—Length = 7 mm.; greatest width = 12 mm. 

Locality.—Bargany Pond Burn. 

Horizon.—Camregan Group ; Llandovery Series. 

The specimen (S. 582) in the Hunterian Museum is from Pen- 
kill. Penkill Group; Llandovery Series. 


Genus PHANEROTREMA Fischer, 1885. 


PHANEROTREMA M‘COYT, nom. nov. CBl eX OK Lutes Lal S 55) 
Murchisonia simples M‘Coy, 1852, ‘ British Palwozoic Fossils’ pl. in, fig. 21 
(non pl. ik, fig. 44). 

Diagnosis.—Shell turbinate, composed of more than three 
whorls. Whorls increasing rapidly, angular considerably above 
the middle of the body-whorl, and a little below the middle of the 
whorls of the spire, flat above, and immediately below the angle, base 
convex. A keel occurs about midway between the angle and the 
upper suture, and another keel below. Band situated on the angle, 
grooved, and limited on each side by a strong thread. Lines of 
growth sloping back to the band above, forming crescents on the 
band, curving forward immediately below it, continuing downwards 
almost vertically to the lower keel, and then backwards to the 
umbilical region. Very narrowly perforated in the mould. Aperture 
obliquely oblong. 

Remarks.—Mrs. Gray’s Collection contains a single small 
example of this species, which is represented by both an external 
and an internal mould. It is conspecific with the specimen 
assigned by M‘Coy to his species Murchisonia simplex. Salter 
(1873, p. 83) regarded this form as distinct, and. I think that 
there can be no doubt of that being the case, although the holo- 
type of J. simplex is merely an internal mould, and thus unsuited 
for exact comparison. Besides the specimen figured by M‘Coy, 
there is another from the same locality ; both are external moulds, 
and well enough preserved to permit of excellent wax-impressions 
being made. 

Holotype.‘ British Paleozoic Fossils’ pl. it, fig. 21. Sedg- 
wick Museum, Cambridge. 

Dimensions.—Leneth of two whorls =18 mm. The small 
example (Pl. XXXVI, figs. 1a@&16) in Mrs. Gray’s Collection 
has only one whorl preserved: its length = 11 mm., and the 
width =14mm. G. 25,432. 

Locality.— Mullock Hill. 

Horizon.—Mullock Hill Group; Lower Llandovery. 


PHANEROTREMA RUGOSA, sp. nov. (PI. XXXVI, figs. 2-4.) 
Diagnosis.—Shell attaining a large size, low, turbinate, com- 
posed of about four whorls. Whorls increasing rapidly, flat or 
slightly inclined above, convex below, angular above the middle of 
the body-whorl and near the middle of the earlier whorls. A 


424, MRS. LONGSTAFF ON GASTEROPODA FROM THE [ vol. xxx, 


prominent ridge on the angle represents the slit in the outer lip, 
bearing coarse, acutely bent lines of growth. ‘T'wo thick threads 
above, and numerous threads below, all strongly reticulated by the 
crossing of the lines of growth curving back to the band above, 
and also back from it below. No umbilicus. Aperture sub- 
orbicular. 

Remarks.—There are six examples of this species in Mrs. Gray’s 
Collection and another has been found by the Misses Gray, but 
none is well preserved. One of the former is considerably larger 
than the others, and bears some resemblance to Plewrotomaria 
labrosa Hall, as represented in pl. Ixvi, fig. 3, ‘Paleontology of 
New York? vol. iii, 1859, from the Lower Helderberg Group; but 
the relative proportion of the whorls, as well as the ornamentation, 
differs. Phanerotrema rugosa is also distinct from the specimen 
from Walsall in the Museum of Practical Geology, which Lind- 
strom regarded as conspecific with the Gotland form that he 
referred to Pleurotomaria labrosa Hall. 

Holotype.—Pl. XXXVI, fig. 2; G. 25,387. 

Dimensions.—Leneth = 62 mm.; width = 72 mm. 

Paratypes.—PIl. XXXVI, fig. 4; G. 25,396 & G. 25,397—99 ; 
also fig. 3, in the collection of the Misses Gray, Edinburgh. 

Locality.— Woodland Point. 

Horizon.—Saugh Hill Group; Middle Llandovery. 


Genus PLETHOSPIRA Ulrich, 1897. 


PLETHOSPIRA (?) CALEDONIENSIS, sp. nov. (Pl. XXXV, figs. 6a, 
6b, & 7.) 


Diagnosis.—Shell turbinate, composed of more than four 
whorls. Whorls increasing rapidly, subangular, flat or slightly 
excavated above and below. Band on the periphery, wide and 
bounded by keels. A strong ridge a short distance below, and 
another above, situated nearer the suture than the band. Lines of 
growth running obliquely back to the band above, and slightly 
forward below at first, then almost directly downwards; curved on 
the band itself, indicating a wide and shallow sinus in the outer 
lip. Base imperforate, convex, and moderately produced. Aper- 
ture rounded pentagonal. Columella thickened above. 

Remarks.—lI have met with five specimens of this species, the 
biggest of which is merely an internal mould. Another example 
consisting only of the greater portion of the body-whorl has the 
surface well preserved; the band on it has each margin formed of 
two threads close together with a groove between, instead of a 
single keel—this is probably the result of wear. P. caledoniensis 
has the base less produced than P. cassina (Whitfield) the type 
of the genus, and more nearly resembles P. semele (Hall) as 
figured and described by Dr. Ulrich (p. 1010 & pl. lxx, figs. 8-10), 
but it is distinguished hy its greater spiral angle. He states, 
however, that he does not consider P. semele a very good example 
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of the genus. Plethospira caledoniensis is also somewhat like 
Pleurotomaria subrotundata Portlock (1848, p. 414 & pl. xxx, 
fig. 8), but differs in having lower whorls, the upper keel farther 
from the suture, the keel below stronger, and the lines of growth 
more oblique. 
Holotype.—Pl. XXXV, figs. 6a & 66; G. 25,851. Mrs. 
Gray’s Collection. 
Paratype.—Pl. XXXV, fig. 7; G. 25,350. Mrs. Gray’s Col- 
lection. 
Dimensions.— Length of holotype=27 mm.; width= 
25mm. This specimen is slightly crushed obliquely. 
The paratype, consisting of a single whorl with a broken base, 
has a length and width of 25 mm. 
Locality.— Balclatchie. 
_Horizon.— Balelatchie Group (Conglomerate) ; Lower Ordo- 
vician. 


Genus HORMOTOMA Salter, 1859. 
Hormoroma NIGRA, sp. nov. (Pl. XXXV, fig. 5.) 


Diagnosis.—Shell elongated, turreted, composed of more than 
seven gradually increasing whorls. Whorls convex and smooth. 
Sinual band submedian, of moderate width, limited on each side by 
a very slight thread. Lines of growth fine and close, curving 
backwards to the band above, bending round on it and sweeping 
forwards below with a considerable degree of obliquity. Base 
convex, slightly produced. Aperture imperfectly known. 

Remarks.—This species, which is represented by a single 
example, somewhat resembles Cyrtostropha robusta, Donald (1902, 
p. 327 & pl. viii, fig. 4); but the whorls are higher, and no spiral 
lines are discernible. From H. gracilis, Hall (1847, p. 181, 
and Ulrich & Scofield, 1897, p. 1014 & pl. xx, figs. 18-36), it is 
distinguished by the whorls being less prominent in the middle 
and the sutures less deep. 

Holotype—Pl. XXXV, fig. 5; G. 25,328. Mrs. Gray’s 
Collection. 

Dimensions.—Length = 20°5 mm.; width = 8 mm. 

Locality.—Shallock Mill. 

Horizon.—Whitehouse Group; Middle Ordovician. 


Hormoroma (?) NITIDA, sp. nov. (Pl. XXXIV, fig. 4.) 


Diagnosis.—Shell probably elongated. Whorls low, convex, 
smooth, and slightly adpressed at the suture. Aperture unknown. 

Remarks.—Since this species is only represented by a small 
fragment, consisting of little more than two whorls exhibiting no 
distinctive structure, it can only be referred to the genus Hormo- 
toma with a query. It somewhat resembles Catozone striatula, 
sp. nov. (p. 426); but the spire is apparently more slender, and 
the whorls are more regularly convex. This latter characteristic 
also distinguishes it from Rhabdostropha primitiva. 
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Dimensions.—Length=12 mm.; width=9°5 min.; G. 25,802. 
Mrs. Gray’s Collection. 

Locality.—Balclatchie. 

Horizon.—Balclatchie Group; Lower Ordovician. 


Subgenus DONALDIELLA Cossmann, 1903. 
[ Goniospira Donald, 1902. | 


DoNALDIELLA PERNERI, sp. nov. (Pl. XXXIV, fig. 5.) 


Diagnosis.—Shell very elongated, turreted, composed of more 
than thirteen whorls. Whorls high, convex and smooth. Sinual 
band situated near or slightly above the middle of the whorls, 
forming a prominent rounded ridge. Sutures deep. Lines of 
growth fairly strong, and sweeping very obliquely forward below 
the band. Body-whorl produced. Aperture elongated oval, im- 
perfectly preserved. 

Remarks.—The only specimen known to me is represented by 
three partly embedded whorls and the impression of ten additional 
ones. The form is remarkably attenuated, reminiscent of Hormo- 
toma articulata Sowerby ; but the band is more prominent. The 
lines of growth are distinct below, but are not clear upon or 
above the band. ‘Traces of fine spiral lines are discernible on the 
penultimate whorl. This species bears a great resemblance to 
Donaldiella filosa Donald, although the spiral angle is smaller, 
the band is rather higher, and there is not the angularity below 
on the body-whorl. It is also somewhat like Gonéospira (7) gracil- 
lima (Barrande) Perner (1907, p. 125 & pl. xevi, figs. 45, 46) in 
its elongated slender spire: it is distinguished, however, by the 
prominence of the band. 

Holotype.—Pl. XXXIV, fig. 5; G. 25,824. Mrs. Gray’s Col- 
lection. 

Dimensions.—Length = 38°5 mm.; that of the three whorls 
which are intact = 23 mm.; width of the penultimate whorl 
= 8 mm. 

Locality.—Woodland Point. 

Horizon.—Saugh Hill Group; Middle Llandovery. 


Subgenus CATOZONE Perner, 1907. 

CATOZONE STRIATULA, sp. nov. (Pl. XXXIV, fig. 3.) 

Diagnosis.—Shell conical, of moderate size, increasing rather 
rapidly. Whorls slightly convex, somewhat flattened, subangular 
immediately above the suture. Sutures deep. Band flat, situated 
below the middle of the penultimate whorl, indistinctly defined 
by a very fine thread on each side, another down the centre. 
Lines of growth curving back to the band above, and very 
obliquely forward below. Upper surface of the whorl covered by 
numerous fine spiral lines. Aperture subovoid. Base convex, 
slightly flattened. No umbilicus. 
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Remarks.—Only one specimen has the characters preserved, 
another, though probably conspecific, is too much worn for certain 
identification. The shape and the ornamentation agree with those 
of Catozone Perner (1907, p. 108), except that the band is rather 
higher than usual. 

Three forms from the Girvan district, previously referred with 
a query to Twrritoma, evidently belong to this genus: namely, 
LT. (2) tenuifilosa Donald (1906, p. 570), TL. (7) polita Donald 
and L. (7) pinguis Donald (1902, pp. 330, 331). Since the species 
TL. (¢) tenuifilosa was founded on a single example, it is of 
interest to record the existence of another from the same locality, 
in the collection of the Misses Gray, Edinburgh. The examination 
of a number of specimens from Drummuck and the Starfish-Bed, 
Thraive Glen, have led me to the conclusion that Catozone pinguis 
Is a variety of C. polita, some examples from the latter locality 
being intermediate in character. C. polita greatly resembles an 
unnamed species of Catozone represented by Dr. Perner in his 
pl. iu, fig. 24. C. sfrzatula is distinguished from all these species 
by having the band situated higher. 

Holotype.—Pl. XXXTV, fig. 3; G. 25,325. Mrs. Gray’s Col- 
lection. 

Dimensions.—Length=17°5 mm.; width=11°5 mm. 

Loeality.—Balclatchie. 

Horizon.—Balelatchie Group; Lower Ordovician. 


Genus OMOSPIRA Ulrich, 1897. 


When Dr. Ulrich suggested this genus (1897, p. 944), he stated 
that, although he placed it in the family Raphistomidie, he was not 
satisfied with that position for it. Dr. Cossmann (1915, p. 176) 
considers that it should be regarded as a member of the Mur- 
chisontide, on account of its sinual band; and I agree with him 
in thinking it more akin to members of that family, or else to 
those of the Pleurotomariide. 


‘ OMOSPIRA {?) DEPRESSA, sp. nov. (Pl. XXXIV, figs. 2a & 26.) 


Diagnosis.—Shell rather large, turbinate. Whorls more than 
three, increasing rapidly, subangular, slightly convex above, more 
convex below. Body-whorl large, produced downwards; angle 
considerably above the middle, giving a high-shouldered appear- 
ance. Aperture subtriangular. Umbilicus apparently closed, with 
merely a wide depression behind the inner lip. é 

Remarks.—The single specimen of this species is so imperfect 
that I have some doubts as to its relationship. The lines of 
growth are only preserved on a small portion of the base; but 
there are slight indications of a broad shallow sinus in the outer 
lip above the angle that are suggestive of Omospira, to which 
genus I provisionally refer it. In form, it somewhat resembles 
Scalites Emmons; but it differs in not having a sharply angular 
periphery, and in the whorls being less flattened above. The low 
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spire distinguishes it from all previously-described species of 
Omospira. 
Holotype.—Pl. XXXIV, figs. 2a & 26; G. 25,327. Mrs. 
Gray’s Collection. 
Dimensions.—Length=31'5 mm.; greatest width=28 mm. 
Locality.—Balclatchie. 
Horizon.—Balelatchie Group; Lower Ordovician. 


Family Loxonematide Koken. 
Genus LOXONEMA Phillips, 1841. 
Subgenus RHABDOSTROPHA Donald, 1905. 
RHABDOSTROPHA PRIMITIVA, sp. nov. (Pl. XXXIV, figs. 9-11.) 


Diagnosis.—Shell elongated, composed of more than six 
whorls. Whorls broad, convex, somewhat flattened above, and 
adpressed at the suture. Lines of growth sigmoidal, sharp and 
close, acutely bent about the middle of the whorl, crossed by 
numerous spiral threads and grooves. Base convex, slightly 
produced. Aperture imperfectly known. 

Remarks.—There are three specimens of . this species in 
Mrs. Gray’s Collection, all of which have the lines of growth 
preserved, and one shows the spiral grooves and threads very 
distinctly. It is distinguished from the Silurian forms Rhabdo- 
stropha grindrodii Donald and Rh. pseudofasciata Donald by 
its lower whorls. 

Holotype.—PIl. XXXIV, fig. 9; G.25,301. Somewhat flattened 
by pressure. 

Dimensions.—Length=14°75 mm. ; width=6°5 mm. 

Paratypes.—Pl. XXXIV, figs. 10 G11; G. 25,808 & G. 25,300. 

Locality.—Shallock Mill. 

Horizon.—Whitehouse Group; Middle Ordovician. 


RHABDOSTROPHA (?) LATISINUATA, sp. nov. (Pl. XXXV, figs. La 
& 10.) f 

Diagnosis.—Shell elongated, composed of more than twelve 
gradually-inereasing whorls. Whorls broad, moderately convex, 
slightly adpressed at the suture. Ornamented by three or four 
strong threads, with very fine intervening ones. Lines of growth 
distinct, sigmoidal, widely sinuated. Base convex, rather flattened. 
Aperture subovoid, imperfectly known. Umbilical region not 
clearly seen. 7 

Remarks.—The single specimen of this species is distinguished 
from Rh. primitiva by the majority of the spiral lines being so 
fine as to be hardly discernible without a lens, only three or four 
being really strong and distinct, and also in the lines of growth 
being more widely sinuated. Owing to this latter feature, it 
cannot be regarded as a characteristic member of the subgenus, 
consequently I only place it there with a query. 

Holotype.—Pl. XXXV, figs. la &16; G. 25,3804. 
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Dimensions.—Length=30 mm.; width=9 mm. 
Locality.—Shallock Mill. 
Horizon.—Whitehouse Group; Middle Ordovician. 


Genus STHPHANOCOSMIA Cossmann, 1895. 
Subgenus SPIRGICUS, nov. 

Diagnosis.—Shell elongated, composed of numerous low 
whorls. Whorls with a strong submedian keel. Lines of growth 
sigmoidal, passing obliquely over the keel. Aperture ovoid. No 
umbilicus. 

Remarks.—Although this subgenus possesses the sigmoidal 
lines characteristic of Loxonema sensu stricto, it differs in other 
respects, and its low subangular whorls suggest affinity with * 
members of the genus Stephanocosmia. It is distinguished by 
having a submedian keel, instead of nodes. The spiral orna- 
mentation resembles that of the section Tyrsecus Kittl, but it is 
not accompanied by defined axial folds, the lines of growth being 
merely sometimes fasciculated and slightly impressed. From 
Angularia Koken it differs in having an elongated spire, also in 
the lines of growth being sigmoidal and not forming an angular 
sinus on the keel. 

Genotype.—Spiracus girvanensis, sp. nov, (Pl. XXXIV, 
fig. 6; G. 25,312). 

Range.—Middle and Upper Ordovician. 


SPIRECUS GIRVANENSIS, sp. nov. (Pl. XXXIV, figs. 6-8.) 


Diagnosis.~Shell conical, composed of about twelve gradually- 
increasing whorls. Whorls low, having a keel slightly above the 
middle, concave above, convex below. Ornamented by numerous 
fine spiral threads, with a stronger thread or swelling at the 
suture. Lines of growth sigmoidal, moderately oblique, greatest 
sinuosity above the keel. Sutures deep. Aperture subovoid, 
slightly channelled below, outer lip angular at the keel. Columella 
eurved. Base convex, imperforate. 

Remarks.—This well-characterized species is one of the most 
numerous gasteropods in the Ordovician rocks of Girvan. When 
the submedian keel is worn away, a narrow groove is observed 
below—this does not appear to be of the nature of a sinus or slit, 
for the lines of growth pass over it without deviation or break. 

Holoty pe.—Pl. XXXIV, fig. 6; G. 25,312. 

Dimensions.—Length=14°'75 mm.; width of penultimate 
whorl=4°5 mm. 

Locality.—Drummuck (1). 

Paratypes. —Pl. XXXIV, figs. 7&8; G. 25,313 and G. 25,314. 

Locality.—Startish-Bed, Thraive Glen (1). 

This species also occurs at Shallock Mill (2), where one of 
the largest specimens was obtained; its length=26 mm., width= 
8mm. Mrs. Gray’s Collection. Ji 

Horizon.—(1)_  Drummuck Group; Upper Ordovician, 
(2) Whitehouse Group; Middle Ordovician. 
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Genus KATOSIRA Koken, 1892. 
Subgenus GIRVANTA, nov. 


Diagnosis.—Shell slender, turriculated, composed of numerous 
rather high whorls. Ornamentation consisting of spiral threads, 
strongest on the lower part of the whorls. Lines of growth 
slightly sigmoidal. Aperture elongated, ovoid. 

Remarks.—This subgenus resembles Aatoszra sensu stricto in 
its slender form, and in the ornamenting threads being strongest on 
the base. It is distinguished by having only indistinct irregular 
folds which are most evident on the anterior whorls, and continue 

. over the base, instead of being absent there. 
Genotype.— Girvania excavata, sp. nov. (Pl. XXXV, fig. 2.) 


GIRVANIA EXCAVATA, sp.nov. (Pl. XXXYV, figs. 2a, 2,3, & 4.) 


Diagnosis.—Shell elongated, composed of more than thirteen 
eradually-inereasing whorls. Whorls concavo-convex, adpressed 
at the suture. Lines of growth sharp, slightly oblique, and sig- 
moidal. Ornamented by numerous spiral threads, two or three of 
which below the suture, as well as those on the lower part of the 
whorl, are stronger than the others, all reticulated by the lines of 
growth, Aperture ovoid, much produced. Base convex. 

temarks.—I have met with seven specimens of this species, 
several of which show the ornamentation and lines of growth 
distinctly. Worn examples might be confounded with Spiracus 
girvanensis, but the whorls are higher, the strong submedian keel 
is absent, and the lines of growth are different. 

Holotype.—Pl. XXXV, figs. 2a & 26; G. 25,321. 

Paratype.—Pl. XXXV, fig. 4; G. 25,822. 

Mrs. Gray’s Collection. 

Dimensions.—Length of the former=16°5 mm.; greatest 
width=4°25 mm. The paratype, consisting of six and a half 
whorls, has a length of 11 mm. ; width=4°25 mm. 

Loeality.— Shallock Mill. 

Horizon.—Whitehouse Group; Middle Ordovician. 


Family Macluriidge Woodward. 


Genus MACLUREA Emmons, 1842. 
MACLURITES Le Sueur, 1818. 


Diagnosis.—‘ Shell discoidal, much depressed, unilocular ; 
spire not elevated, flat; umbilicus very large, with a eroove formed 
by the projection of the preceding whorls, not crenulated.’ 

Genotype.—Maclurea magna Le Sueur. 

Remarks.—lI have followed the earlier writers, Le Sueur, Hall, 
Be and M‘Coy, in describing the members of this genus as 
sinistral. 
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MACLUREA SEDGWICKI, nom. nov. (Pl. XXXVII, figs. 1-5.) 


Maclurea magna ¥. M‘Coy, 1850, Rep. Brit. Assoc. (Edinburgh) p. 107. 

Maclurea sp. J. W. Salter, 1851, ‘ List of some of the Silurian Fossils of Ayr- 
shire’ Q. J.G.S. vol. vii, p. 176 & pl. viii, figs. 7 a, 7b. 

Maclurea magna ¥. M‘Coy, 1852, ‘ British Paleozoic Fossils,’ p. 300 & pl. in, 
figs. 13, 14, 

? Maclurea maccoyi J. J. Bigsby, 1868, ‘Thesaurus Siluricus,’ p. 147. 

Maclurea logani J. W. Salter, 1873, ‘Catalogue of the Cambrian & Silurian 
Fossils in the Geological Museum of the University of Cambridge’ p. 37. 

? Maclurea maccoyi R. Etheridge, 1888, ‘ Fossils of the British Islands,’ vol. i 
(Paleeozoic) p. 120. ? MW. magna. 

Diagnosis.—Shell slightly convex above, conical below. 
Whorls about five, increasing gradually, periphery angular, outer 
sides sloping obliquely downwards. Base ornamented by coarse 
spiral lines and grooves. Umbilicus deep, narrow, sides steep, sub- 
angular at the margin. Aperture ovoid, oblique. 

Remarks.—A very young specimen has a groove behind the 
inner lip, which appears to have been covered by a reflection of 
that lip; but only a portion of this exists, as it is broken below 
(PL XXXVIT, fig. 2); G. 25,3865. A similar structure is exhibited 
by a rather larger example, but it is less well preserved ; an internal 
mould, which is still bigger, merely shows the inner lip slightly 
curved over an open umbilicus and not adpressed on that region. 
In the Royal Scottish Museum, Edinburgh, a large conical oper- 
culum, A181 (Pl. XX XVII, fig. 4), is associated with this species, 
but it was not found actually attached to the shell. It somewhat 
resembles that of JZ. logani Salter, but is higher. In its height 
it is like that of A. peachii Salter, from which it is, however, 
distinguished by its much greater size. 

M‘Coy originally referred this species to JZ. magna Lesueur 
(1851, p. 107); but it differs in being higher, in having a 
narrower umbilicus, and in the whorls increasing more rapidly, 
thus causing the last whorl to be proportionately wider. 

Salter figured, but did not describe, this form (1851, pp. 170, 
176 & pl. viii, fig. 7); he merely stated that he regarded it asa 
distinct species, near a new shell from Canada, which he subse- 
quently described under the name of JL logani (1859, p. 7). 
I have compared Salter’s as well as other specimens of the species 
under discussion with examples of J/. logani in the British 
Museum (Natural History), and find that the latter has the whorls 
flatter above, the outer side less oblique, and the umbilicus 
narrower. 

M. sedqwicki is probably conspecific with a form which has 
been entered in lists of Ordovician fossils as IZ. m‘coyi Salter ; but 
I cannot find any certain authority for this. The name first 
appears in Bigsby’s ‘Thesaurus Siluricus,’ 1868, p- 147, but no 
reference is given; Etheridge (1888, p. 120) enters it also without 
authority, and queries its being conspecific with M. magia. 
M. m‘coy? is recorded in the two Catalogues of Scottish Fossils 
published in Glasgow, respectively in 1876 and 1901, for the 
Meetings of the British Association. The late Mr. A. Macconochie, 
who helped to compile the last Catalogue, stated that he was unable 
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to find the origin of the name, and only inserted it on account of 
its being in the lists of the Memoirs of the Geological Survey of 
Scotland, vol. i, 1899. I have searched Salter’s writings, and have 
neither found a description of it, nor any specimen so named by 
him. 

Holotype.—PI. it, fig. 14, ‘ British Paleeozic Fossils.’ I have 
selected this as being the more perfect of the two specimens figured 
by M‘Coy, it is, however, slightly squeezed obliquely (Pl. XX XVIT, 
fig. 1). The other (fig. 13) is larger, but is merely represented in 
section, and the lower part of the umbilicus is so worn and broken 
that it appears wider than it must have been originally; the actual 
narrowness can be seen in the earlier whorls. Sedgwick Museum, 
Cambridge. 

Dimensions.—The holotype has a length of 26 mm., and 
a greatest width of 52 mm. ‘The cotype has a width of 90 mm. 

Locality.—Aldons (1). There are several additional specimens 
in the same museum, as well as six in the collection of the Misses 
Gray, Edinburgh, from this locality. Salter’s example (G. 19,993) 
in the British Museum (Natural History) also occurred here. 
Besides these, the Sedgwick Museum contains two from Bougan, 
Knockdolian (1) ; the collection of the Scottish Geological Survey, 
one from Minuntion (1); and the Hugh Miller Collection in the 
Royal Scottish Museum, Edinburgh, five from Craighead (1). 
Two of these last-named show coarse spiral ornamenting threads 
on the base: one.(A 161) is figured in Pl. XXXVII, fig. 5; 
another (A 157) equals the cotype in size. 

In Mrs. Gray’s Collection are four smaller specimens from Bal- 
clatclie (2); G. 25,865 and G. 25,366 are figured in Pl. XX XVII, 

Horizon.—(1) Stinchar Limestone Group; (2) Balclatchie 
Group (Conglomerate). Lower Ordovician. 

MaActuReEa SALTERI, sp.nov. (Pl. XXXVII, figs. 6-9 c.) 

Diagnosis.—Shell attaining a large size, low, flat, or slightly 
convex above. Whorls about seven, early ones very narrow, the 
last wide; the test of each succeeding whorl adpressed on the 
posterior one, and filling in the suture. Periphery rounded, body- 
whorl but little produced, outer side convex and scarcely oblique. 
Lines of growth curving slightly backward above, passing over 
the periphery without deflection, and then running almost directly 
downwards, crossed by very fine spiral threads. Umbilicus wide, 
deep, and steep; margin subangular. Aperture ovoid, or somewhat 
trigonal. 

Remarks.—This species is distinguished from MW. sedgwichi in 
being lower, in having a broader umbilicus, the outer side nearly ver- 
tical, and the body-whorl proportionately wider. This latter feature 
also separates it from JZ. magna Lesueur and M. bigsbyi Hall. 
The low form and wide body-whorl cause it to resemble some- 
what I. neritoides Kichwald; but the outer side of that species 
slopes inward more, and the whorls appear to be fewer in number. 
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The collection of the Scottish Geological Survey contains the 
largest number, as well as some of the best-preserved examples; 
therefore I have selected the holotype and paratypes from it. 

Holotype.—Pl. XX XVII, fig. 6 (M 3076 d). 

Dimensions.—The length = 24 mm.; the greatest width = 
48 mm., and the least width = 41 mi. 

Paratypes.—Pl. XXXVII, fig. 7 (M 31514). The length= 
28 mm.; the greatest width = 50 mm. 

Pl. XXXVII, figs. 94 & 98 (M. 3081 d), a smaller shell, has a 
length of 19 mm. 

Associated with these is a specimen of much greater size, but it 
is not well preserved. Its width = 78 mm. 

Locality.—Minuntion (1). 

The largest examples, however, are in the Museum of Practical 
Geology, London: but they are merely internal moulds, and have 
been too much cleaned up. The biggest (24a) has a greatest 
width of S6 mm. and a least width of 66 mm. 

Locality.—This and another (24) are from Aldons; while a 
third (24) is only labelled ‘ Ayrshire.’ 

Maclurea salteri_is represented by a fairly well-preserved 
young specimen in Mrs. Gray’s Collection, which is figured in 
Pl. XXXVI, fig. 8 (G. 25,373). Its length=11 mm. ; greatest 
width =20 mm. There is also a larger much broken example, 
showing the characteristic umbilicus. * G. 25,369. 

Locality.—Balclatchie (2). 

Horizon.—(1) Stinchar Limestone Group; (2) Balclatchie 
Group. Fower Ordovician. 


Family Euomphalide De Koninck. 
Genus ECCYLIOMPHALUS Portlock, 1843. 
LYTOSPIRA Koken, 1896. 


Diagnosis.—‘ Shell spiral, but with the whorls opened and 
unconnected ; on the side corresponding to the upper surface of 
Euomphali, ridged or angular, on the lower rounded.’ 

Remarks.—This description is so brief that it is advisable to 
give fuller particulars, founded on the results of the examination 
of several species undoubtedly members of the genus. ‘The ridge 
represents a sinus indicated by the lines of growth which run 
backward to it above, acutely forward from it at the side, and then 
curve slightly backward over the more or less flattened-convex 
base. 

A fresh figure is here given of one of the specimens of £. bucklandi 
(pl. xxx, fig. 106), regarded by Portlock as the type, as well as a 
drawing of the oblique lines on the side of that shell (Pl. XX XVIII, 
figs. la & 1b). HH. minor Portlock (pl. xxx, figs. 11 & 12) appears 
to be conspecific, and is also refigured, Pl. XXXVITII, fig. 3. It 
is possible that the shell described and figured by Portlock as 
Euomphalus parvus (p. 411 & pl. xxx, fig. 1) may be an immature 

Q. J.G.S. No. 319. 24 
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stage of this species, having the whorls more closely coiled, the 
ridge more convex, and the sinus less deep. The only example, 
however, is too imperfect for certainty. 

The types and associated specimens are in the Museum of 
Practical Geology, London. 

Locality.—Desertereat (Tyrone). 

Horizon.—Caradocian. 


EccyLIOMPHALUS BALCLATCHIENSIS, sp. nov. (Pl. XXXVIII, 
figs. 4a, 46, 5a, & 5D.) 


Diagnosis.—Shell discoidal. Whorls increasing slowly, high 
and acutely angular above, outer side flattened and making an 
angle with the rather convex base. Lines of growth above, turning 
slightly backward, forming a shallow sinus on the upper angle, 
curving obliquely forward on the side and gently backward on the 
base. 

Remarks.—There are two specimens of this form in the 
Collection of the Royal Scottish Museum, Edinburgh, marked 
E. bucklandi Portlock. They are distinguished from that species 
by the whorls increasing more slowly, being proportionately higher, 
and having a more acute angle above. 

Holotype.—Pl. XXXVIII, figs. 4a & 46; No. 2910. This is. 
the larger of the specimens, but it only exhibits the base and a 
portion of the side. 

Paratype.—Pl. XX XVIII, figs.5 a & 5b, No. 2911, is younger, 
and shows both the base and the upper surface. : 

Dimensions.——The greatest width of the former = 39 mm., 
least width = 18 mm. Approximate height of tube = 10 mm. 
The greatest width of the latter = 27 mm. 

Locality.—Balclatchie. 

Horizon.—Balclatchie Group; Lower Ordovician. 


EccyLiomPHatus scotica M‘Coy. (PI. XXXVIII, figs. 6 a, 68, 
& 7.) 
Eccyliomphalus scotica F. M‘Coy, 1852, ‘ British Paleozoic Fossils’ p. 301 & 
pl. it, figs. 16, 15a. 

Diagnosis.—Shell discoidal. Whorls disconnected, coiled on 
about the same plane, somewhat flattened above, very convex below ; 
on the upper surface near the margin is a strong ridge, having 
on the inner side a slight concavity separating it from a minor and 
more convex ridge. Lines of growth curving back and indicating 
a sinus on the strong ridge; coarse on the base, and running very 
slightly backward. Section subtriangular and somewhat rounded. 

Remarks.—This form differs from EL. bucklandi Portlock in 
the whorls being flattened concavo-convex above and much more 
convex below. The specimen from Mullock referred to this species 
by M‘Coy is a distinct species. 

Holotype.—Pl. XXXVIII, figs. 6a & 68. 

e ; : ; 

Cotype.—Fig. 7. Sedgwick Museum, Cambridge. 
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Dimensions. Sa greatest width of the former = 46 mm., 
least width = 84 mm.; section of tube = about 16x12 mm. 

The greatest width of the latter=45 mm., least width =32 mm. 
section ik: tube = about 1412 mm. 

Locality.—Knockdolian Quarry. 

Horizon.—Stinchar Limestone Group; Lower Ordovician. 


EccYLIoMPHALUS MULLOCKENSIS, sp.nov. (Pl. XXXVIL, figs. 10a, 
106, & 10¢.) 


Diagnosis.—Shell discoidal, forming a more or less circular 
coil with the whorls detached. Whorls “triangular, high, with an 
elevated ridge at the summit and another a short distines inside ; 
outer side convex; base flattened convex. Lines of growth curving 
slightly backwar Se to the angle, and forming a sinus upon it ; strong 
ona but little curved on the. base. 

Remarks.—M ‘Coy confounded this species with LE. scotica ; it 
is, however, distinguished by being more closely coiled, and ‘by 
having high and narrow whorls ray a flatter base. The figures 
are taken from wax unpressions, as the shell is only represented by 
external moulds of the upper and under surface. 

Holoty pe—PIl. XXXVII, figs. 1Oa-10c. Sedgwick Museum, 

Cambridge. 

Teneo or Gretect width = 26 mm.; least width = 
20mm. Height and width of tube almost equal. 

Loeality.—Mullock Hill. 

Horizon.—Mullock Hill Group; Lower Llandovery. 


EccytiomPnHatus (?) MacrompHatus (M‘Coy). (Pl. XX XVIII, 
figs. 8-11.) 
Maclurea macromphala F, M‘Coy, 1852, ‘ British Paleozoic Fossils’ p. 300 & 
pl. it, figs. 12, 12 a—b. 

Diagnosis.—Shell discoidal, coiled elliptically, deeply sunk 
above, flattened below, composed of about five whorls. Whorls in- 
creasing rapidly, simply in contact, or with a narrow space between ; 
above flat or slightly convex, sloping inwards; subangular at the 
outer margin and also at the base, convex between the angles, the 
posterior part of the body-whorl somewhat produced obliquely 
below. Aperture subtriangular. 

Remarks.—lt is difficult to place this form, as the lines of 
growth are not preserved on any of the known examples. M‘Coy 
referred it to Maclurea, and it certainly bears some resemblance to 
meimbers of that genus, more especially to immature specimens of 
M. salteri, but it may be distinguished by being elliptically 
oiled, by the whorls not being in such close contact, and the body- 
whorl oblique, slightly pr oduced below, and proportionately wider, 
Since all the examples are more or less internal moulds, it is 
possible that the slight space between the whorls of some may have 
originally been partly or wholly filled by shelly matter. The 
shape of the whorls is similar to that of members of Eecyliom- 


phalus, therefore I am referring it provisionally to that genus; 
Big 
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but it differs in being more closely coiled than the typical forms. 
of the genus. The species that it most resembles is Euomphatus 
triquetrus Lindstrém (1884, p. 140 & pl. xii, figs. 32-35), which 
is referred by Mr. F. Chapman to his new genus Liomphalus 
(1916, pp. 90, 91, & pl. iv, figs. 32, 33). The figures of the 
genotype Liomphalus australis are, however, too imperfect for a 
satisfactory comparison, and the whorls appear to imcrease more 
slowly than in either of the European species. 

Holotype.—Pl. XXXVIII, figs. 8&9. Sedgwick Museum, 
Cambridge. 

Dimensions.—Greatest width = 24 mm.; least width = 
19 mm. 

Locality.—Craighead (1). 

A specimen in Mrs. Gray’s Collection has the upper surface 
embedded in the matrix; its greatest width = 25mm.; least 
width = 19 mm. (Pl. XX XVIII, fig. 10; G. 25,874). 

Locality.—Balelatchie (2). 

Horizon.—(1) Stinchar Limestone Group; (2) Balclatchie 
Group (Conglomerate). Lower Ordovician. 

Two smaller examples in the Collection of the Scottish Geological 
Survey appear to be conspecific. One figured in Pl. XXXVITI, 
fig. 11, No. 145 IY, is from Kilbucho (Peebles-shiré). The other, 
No. 141 IV, is from Wallace’s Cast (Lanarkshire). The horizon 
of both is stated to be Caradocian. 


Genus ECCYLIOPTERUS Remele, 1888. 
Section LESUEURILLA Koken, 1898. 


‘Coquille discoide, & face supérieure enfoncée et a face 
inférieure plane ou concave. Le bord du tour qui sépare le cété 
apical abrupt du cété extérieur, également abrupt, est tranchant. 
Les stries d’accroissement forment un sinus sur l’aréte supérieure 
du tour (Koken MS.). Type, Lesweurilla infundibulum Koken.’ 

Remarks.—The above description is taken from the work of 
Dr. Perner (1907, p. 156), to whom Koken had shown his MS. 
description. Previous, however, to this publication, Koken himself 
published a note (1898, p. 22), separating the species Maclurea 
infundibulum Koken and A. helix (Eichwald) from other forms 
which he had referred to AZaclurea, and placing them in this new 
genus; but he only gives a very brief account of its characteristics, 
therefore I quote from Dr. Perner, who writes more fully. The 
latter spells the name Lesweurel/a—I have, however, thought it 
best to adhere to Koken’s form of spelling, as it has priority in 
publication. 

Lesueurilla should most probably be regarded as a section of 
Eccyliopterus, with which genus it has much in common; but it 
differs in the whorls being coiled in contact from the beginning, 
the latter part of the body-whorl alone being detached sometimes, 
and in the upper angle not being produced into a prominent flange. 
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Dr. Ulrich does not consider these characters of material importance, 
therefore he includes the closely coiled forms without a produced 
flange in the genus Hecyliopterus. Thus, he regards Euomphalus 
marginalis Kichwald, which is devoid of a flange, and merely has 
a portion of the body-whorl detached, as a member of that genus; 
while Koken and Dr. Perner both quote it as a characteristic 
member of Lesweurilla. 

Lesueurilla also bears a likeness to the genus Ophileta Vanuxem, 
especially above. I have compared it with specimens in the British 
Museum (Natural History) referred to Ophileta compacta Salter 
from near Old Church, Baile na Cille, Durness, which have the 
surtace fairly well preserved. The lines of growth run backward 
to the keel, and form a sinus, and there is also a groove below the 
keel similar to that in Lesweurt/la; but the base is flat, the whorls 
are narrower, and the aperture is not produced downwards. 


LESUEURILLA scorica, sp. nov. (Pl. XXXVI, figs. 10-13.) 


Diagnosis.—Shell discoidal, spire deeply, base more or less 
sunk. The whorls number about five, coiled on nearly the same 
plane, in contact, acutely angular above, subangular below, sloping 
obliquely inwards to the suture from both angles, outer side 
shghtly convex and nearly vertical. A groove on the inner side, 
below the upper angle, gives rise to the appearance of a strong 
thread on the summit. Lines of growth indistinctly preserved, 
apparently running back to the angle above, forming a sinus upon 
it and curving slightly forward below. ‘Traces of fine spiral lines 
ornamenting the surface. Aperture triangular, acutely angular 
and greatly raised above, less*produced and moderately angular 
below. 

Remarks.—There are seven specimens of this form in Mrs. 
Gray’s Collection, which vary slightly in the degree of concavity 
both above and below. It bears considerable resemblance to 
Euomphalus marginalis Kichwald, and I have compared it with 
examples of that species from Oland in the British Museum 
(Natural History) ; these latter differ in having the anterior part 
of the body-whorl free, and in the whorls being less angular below. 
L. scotica is somewhat like Hecyliopterus beloitensis Ulrich & 
Scofield; but the aperture is higher, the last whorl narrower, the 
base more angular, and there is no trace of the upper angle being 
produced into a high collar. It is distinguished from L. prima 
(Barrande) by having the last whorl narrower, and the angles both 
above and below nearer the outer margin. 

Holotype.—Pl. XXXVI, figs. 10¢ & 108; G. 25,378. 

Dimensions.—Greatest width=18 mm., least width=15 mm., 
height of aperture=9 mm., width=6°5 min. x 

Paratypes.—Pl. XXXVI, figs. 11, 12, & 18; G. 25,877, 
25,379, & 25,376. The greatest width of the biggest (G. 25,876) 
=25 mm.and least width= 22 mm.; height near aperture=14 mm. 

Locality.—Balclatchie. 

Horizon.—Balclatehie Group (Conglomerate) ; Lower Ordo- 
vician. 
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LESUEURILLA BALCLATCHIENSIS, sp. nov. (Pl. XXXVI, figs. 
14a & 140.) 

Diagnosis.—Shell discoidal above, the whorls of the spire are: 
on nearly the same level as the body -whorl, the latter increasing 
somewhat rapidly and being produced downwards. Whorls num- 
bering about four, angular above and below, sloping abruptly 
inwards, slightly convex exteriorly between the two angles. Um- 
bilicus deep and funnel -shaped. Lines of growth not well pre- 
served, apparently curving back on the outer side to the upper 
angle, and making a sinus thereon. Aperture forming an oblique 
and elongated triangle. 

Remarks.—The single specimen of this species is merely an 
internal mould, and is crushed sideways above, which renders the 
aperture more oblique than it probably was originally. It resembles. 
L. scotica, but is distinguished by having the earlier whorls more: 
raised above, the um bilicus deeper, and the aperture more produced 
downwards. It is, however, impossible to divine how tar these 
differences arise from imperfect preservation. The form appears: 
to have greater affinity with Lesweurtl/a than with Helicotoma, 
as the aperture is more produced below than in the latter Benue 

Holotype—Pl. XXXVI, figs. 14a & 146; G. 25,375 
Mrs. Gray’s Collection. 

Dimensions.—Length=13 mm. ; width=15 mm. 

Loeality.—Balelatchie. 

Horizon.—Balelatchie Group (Conglomerate); Lower Ordo- 
vician. 


Family Euomphalopteride Koken. 
Genus EUOMPHALOPTERUS Remer, 1876. 


EVOMPHALOPTERUS ORDOVICUS, sp. nov. (Pl. XXXVI, figs. 5-8.) 


Diagnosis.—Shell of medium size, trochoid, composed of five 
or six whorls. | Whorls step-like, subangular, flattened or slightly 
convex above, flat at the sides; a thread is seen on the periphery, 
and an angle at the lower suture bearing a prominent overlapping 
flange adhering to the succeeding whorl. Base smooth, convex, 
with a slight angularity. Umbilicus widely open. Surface of the 
whorls and flange fluted. Aperture rounded. 

Remarks.—This form is represented by fourteen specimens. 
which occurred in both the Lower and the Upper Ordovician. IL 
cannot discern any features of distinct specific importance in 
examples from the different horizons; but, since none of the 
shells are in really good preservation, it is possible that the 
discovery of others might afford evidence of such characters. ‘Two 
specimens from the Starfish-Bed (Pl. XXXVI, figs. 7 & 9) exhibit 
fine wavy lines crossing obliquely the broad flutings of the flange, 
as well as part of the body-whorl; they appear to form an inner 
layer between the upper and lower shell-layers, and probably 


; 
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represent those observed by Lindstrém on species from Gotland. 
He considered them to be the result of the filling-up of a sinus in 
the outer lip; I have, however, been unable to detect any evidence 
of a sinus in the Scottish examples, for the lines of growth pass 
over the whorl, and continue on the upper layer of the flange 
without break : also, where the flange is broken away, there is no 
internal trace of there having been one. ; | 

Huomphalopterus ordovicus somewhat resembles Pleurotomaria 
togata Lindstrém (1884, p. 119 & pl. xi, figs. 8-13); but the 
flange is thinner and more produced. 

Holotype—Pl. XXXVI, fig. 5; G. 25,440. The length= 
8S mm.; width without the flange=13 mm., with the flange= 
20 mm. 

: Associated with this are six paratypes, one of which (PI. XXXVI, 
fig. 6; G, 25,442) has a length of S mm. and a width of 14 mm. 

Locality.—Balelatechie (Conglomerate) (1). 

_ There are three specimens from Ardmillan (1): the base of one 
is shown in fig. 8; G. 25,435. Also two examples are represented 
from Thraive Glen (Starfish-Bed) (2), Pl. XXXVI, figs. / coors 
G. 25,464 & G. 25,463. 

All the above are in Mrs. Gray’s Collection. There is also an 
example represented by both external and internal moulds in the 
Collection of the Misses Gray from Ardmillan (1); and another 
in the Hunterian Museum, Glasgow University, presented by 
Mrs. Gray, from Drummuck (2). 

Horizon.—(1) Balclatchie Group; Lower Ordovician. (2) 
Drummuck Group ; Upper Ordovician. 

The collection of the Geological Survey in the Royal Scottish 
Museum, Edinburgh, contains a form greatly resembling these, but 
it is too imperfectly preserved for certain identification. It is. 
from the Caradocian at Wallace’s Cast, near Abingdon (Lanark- 
shire). 


Family Calyptreide Koken. 
Genus CLISOSPINRA Billings, 1865. 


CLISOSPIRA BALCLATCHIENSIS, sp. nov. (Pl. XXXITI, fig. 11.) 


Diagnosis.—Spire elevated, conical. Whorls about four, 
flattened above, very slightly convex along the outer slope, 
subangular below. Sutures distinct. Only a fragment of the 
border is preserved. The base is not exposed. Ornamentation. 
consisting of numerous strong ridges sloping very obliquely 
backward, and continuing over the border. 

Remarks.—This species is most like C. helmhackeri (Barrande) 
from Bande Dig (Perner, 1911, p. 265 & text-figure 312); but 
the whorls are higher and the ornamenting ridges are more 
numerous and less strong, also no intercalated fine lines are 
discernible. The length of the shell and the strength of the 
ornamentation distinguish it from C. occidentalis Whitfield 
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(1882, p. 222 & pl. v, fig. 21) from the Trenton Group of 
Wisconsin. 

Holotype.—Pl. XXXII, fig) 11;.G,.25)3645)) The: only, 
example known to me is in Mrs. Gray’s Collection. 

Dimensions.-—Length=10°5 mm.; greatest width at the 
base=9 min. 

‘Loeality.—Balelatchie. 

Horizon.—Balclatchie Group ; Lower Ordovician. 


CLISOSPIRA RETICULATA, sp. nov. (Pl. XXXIII, figs. 10a & 
10 d.) 


Diagnosis.— Spire low, conical, composed of about four whorls. 
Whorls mince te convex, slightly flattened above. Ornamen- 
tation consisting of raised spiral threads, reticulated by strong 
undulating lines of growth. Base unknown. 

Remarks. —Only one example of this species is known to me ; 
it is, however, represented by both an internal and an external 
mould. A wax impression taken from the latter consists of four 
whorls with a portion of the border, and shows the character of the 
test. Dr. Perner (1911, pp. 262-267 & text-figures 310-314) 
has observed that sections of some specimens indicate that the 
earlier whorls were spirally coiled and united so as almost to form 
a columella; but later on the divisions were reduced to a thin 
spiral plate, which stops before thg completion of the body-whorl. 
he internal mould of C. reticulata has an angularity at the 
periphery and a deep narrow groove at the suture, which does not 
reach the aperture. Wax pressed into this groove shows that it 
represents an internal spiral Jamella similar to that described by 
Dr. Perner; an early whorl also exhibits the columelia-like 
structure. 

This species resembles the genotype, C. curiosa Billings 
(1861-65, pp. 186, 420, & text-figures 167, 401), in its reticu- 
lated surface, but “it, has a oreater spiral angle, and the whorls 
are more convex. It is also distinct from the Baltie Ordovician 
species described by Koken. 

Holotype.—Pl. XXXIII, figs. 10a & 100; G. 25,363. 

Dimensions.—Length=10 mm. ; pies at the base of the 
last whorl=11 mm. ; width of the herder => 7) waren, 

Locality.—Thraive Glen. 

_Horizon,—Drummuck Group (Starfish-Bed). Upper Ordo- 
vician. 
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EXPLANATION OF PLATES XXXI-XXXVIII. 
PLATE XXXT. 


Fig. 1. Liospira disciformis, sp. nov. View of base. Natural size. Dow 
Hill. Gray Collection, British Museum (Natural History). (See 
p. 411.) 

Figs. Sa-2d. Liospira disciformis, sp. nov. Fig. 2a. Holotype. View of 

base. Fig. 2b. View of upper side. Fig. 2c. Front view. Natural 
size. Fig. 2d. Portion of band, x 38. Dow Hill. Gray Collec- 
tion, British Museum (Natural History). (See p. 411.) 

Fig. 3. Liospira disciformis, sp. nov., Jav. View of upper side. X 2. 
Balelatchie. Gray Collection, British Museum (Natural History). 

Figs. 4a-4c. Liospira striatula (Salter MS.). Holotype. Fig. 4a. View 
of upper side. Fig. 4b. View of base. Natural size. Fig. 4c. 
Portion of body and penultimate whorls, showing structure. X 2. 
Penwhapple Burn, Girvan. Museum of Practical Geology, London. 
(See p. 411.) 

Fig. 5. Liospira striatula (Salter MS.). Front view, showing the filling-in 
of the umbilicus, below and above, giving the appearance of a solid 
columella. Natural size. Balclatchie. Gray Collection, British 
Museum (Natural History). (See p. 411.) 


PLATE XXXII. 


Fig. 1. Liospira striatula (Salter MS.). Specimen showing aperture and 
plug in umbilicus. Natural size. Balclatchie. Gray Collection, 
British Museum (Natural History). (See p. 411.) 

2. Liospira striatula (Salter MS.). Another specimen: upper view, 
with whorls broken away and the solid plug left standing up. 
Balclatchie. Gray Collection, British Museum (Natural History). 

Figs. 3a-8c. Liospira equalis (Salter). Fig.3a. Back view. Fig. 3b. View 
of base. Fig. 3c. View of upper side. Natural size. Balclatchie. 
Gray Collection, British Museum (Natural History). (See p. 412.). 
Fig. 4. Liospira equatis (Salter). Shell with elevated spire. Natural size. 
Balelatchie. Gray Collection, British Museum (Natural History). 
Figs. 5a—5c. Liospira lenticularis (Sowerby). Fig. 5a. Upper view. Fig. 
5b. View of base. Fig. 5c. Outline of back view. x 3. Penkill. 
Hunterian Museum, University of Glasgow. (See p. 413.) 
6a & 6b, Hotomaria convera, sp. nov. Fig. 6a. Holotype. Front 
view. Fig. 6b. Back view. 2. Drummuck. Hunterian Mu- 
seum, University of Glasgow. (See p. 414.) ; 
Fig. 7. Hotomaria thraivensis, sp. nov. Holotype. Back view. X 3. 
Thraive Glen (Starfish-Bed). Gray Collection, British Museum: 
(Natural History). (See p. 414.) 

8. Eotomaria thraivensis, sp. nov. View of aperture. » 3. Thraive 
Glen (Starfish-Bed). Gray Collection, British Museum (Natural 
History). 

9. Hotomaria thraivensis, sp. noy. View of apical whorls from a wax- 
impression. 3. Thraive Glen (Starfish-Bed). Gray Collection, 
British Museum (Natural History). 

10. Hotomaria subplana, sp.noy. Holotype. x3. Balclatchie. Gray 
Collection, British Museum (Natural History). (See p. 415.) 

11. Clathrospira trochiformis (Portlock). Aperture of a specimen 
showing a portion of the inner lip. xX 3%. Desertereat (Tyrone). 
Museum of Practical Geology, London. (See p. 415.) 

12. Clathrospira trochiformis (Portlock). Body-whorl of a specimen 
showing lines of growth. 3. Ardmilian. Gray Collection, 
British Museum (Natural History), 

13. Clathrospira trochiformis Portlock. Side view. ™ 3. Ardmillan. 
Gray Collection, British Museum (Natural History). 
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PATH XX XM, 


Fig. 1. Lophospira cancellatula (M‘Coy). Spire showing ornamentation and 
lines of growth. < ¥. Photograph from a wax impression. 
Mullock Hill. Gray Collection, British Museum (Natural History). 
(See p. 419.) 

Lophospira cancellatula (M‘Coy). Suture of another specimen. 
x 3. Newlands. Gray Collection, British Museum (Natural 
History). 

3. Lophospira cancellatula, var. tenwistriata noy. Shell slightly 
crushed. 3. Woodland Point. Gray Collection, British Mu- 
seum (Natural History). (See p. 420.) 

4. Lophospira cancellatula (M‘Coy). Back view of the body-whorl of 
a shell intermediate between the type and the variety. X 3. 
Photograph of a wax impression. Mullock Hill. Gray Collection, 
British Museum (Natural History). (See p. 420.) 

5. Lophospira thraivensis, sp. nov. Holotype. Back view. xX 3. 
Photograph of a wax impression. Thraive Glen. Gray Collection, 
British Museum (Natural History). (See p. 420.) 

6. Lophospira thraivensis, sp. nov. Aperture of another shell. x 3. 
Thraive Glen. Collection of the Misses Gray, Edinburgh. 

Figs. 7a & 7b. Lophospira woodlandi, sp. nov. Fig. 7a. Holotype. View 

of spire. Fig. 7b. View of base. Natural size. Woodland Point. 
Gray Collection, British Museum (Natural History). (See p. 418.) 
Fig. 8. Lophospirw obliquestriata, sp. nov. Holotype. X 3. Balclatchie. 
Gray Collection, British Museum (Natural History). (See p. 417.) 
Figs. 9a—9c. Lophospira pteronoides, sp. nov. Holotype. Fig. 9a. Back 
view. Fig. 9b. View of aperture. x3. Fic. 9c. Flange and 
portion of whorl. »X 6. Specimen flattened by pressure. Wood- 
land Point. Gray Collection, British Museum (Natural History). 
(See p. 418.) 
10a &10b. Clisospira reticulata, sp.nov. Holotype. Fig. 10 a. Photo- 
graph of a wax impression of the external surface. Fig. 100. 
Internal mould, showing grooved sutures. 3. Thraive Glen. 
Gray Collection, British Museum (Natural History). (See p. 440.) 
Fig. 11. Clisospira balclatchiensis, sp. nov. Holotype. x 3. Balclatchie. 
Gray Collection, British Museum (Natural History). (See p. 439.) 
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PLatTE XXXIV. 


Fig. 1. Lophospira shallockensis, sp.nov. Holotype. Frceut view. Natural 
size. Shallock Mill. Gray Collection, British Museum (Natural 
History). (See p. 417.) 

Figs. 2a & 2b. Omospira (2) depressa, sp. nov. Holotype. Fig. 2a. Front 
view. Fig. 2b. Back view. Natural size. Balclatchie. Gray 
Collection, British Museum (Natural History). (See p. 427.) 

3. Catozone striatula, sp. noy. Holotype. x2. Balclatchie. Gray 
Collection, British Museum (Natural History). (See p. 426.) 

4, Hormotoma (2) nitida, sp. nov. Back view. X 2. Balclatchie.. 

Gray Collection, British Museum (Natural History). (See p. 425.) 

. Donaldiella perneri, sp. noy. Holotype. xX 3. Woodland Point. 

Gray Collection, British Museum (Natural History). (See p. 426.) 

6. Spirecus girvanensis, sp. nov. Holotype. 38. Drummuck. 
Gray Collection, British Museum (Natural History). (See p. 429.) 

7. Spirecus girvanensis, sp. nov. View of aperture. X 4. Drum- 
muck, Gray Collection, British Museum (Natural History). 

8. Spirecus girvanensis, sp.nov. Back view of body-whorl of another 
shell. 4. Drummuck. Gray Collection, British Museum 
(Natural History). 

9. Rhabdostropha primitiva, sp. noy. Holotype. xX 3. Shallock 
Mill. Gray Collection, British Museum (Natural History). (See 
p. 428.) 
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Fig. 10. Rhabdostropha primitiva, sp. nov. Whorl of another specimen 


Figs. 


Fig. 


showing lines of growth and fine spiral lines. X3. Shalloclk 
Mill. Gray Collection, British Museum (Natural History). 


11. Rhabdostropha primitiva, sp. nov. Fragment of a shell showing 


part of the aperture. 3. Shallock Mill. Gray Collection, 
British Museum (Natural History). (See p. 428.) 


PLATE XXXV. 

la &1b. Rhabdostropha (?) latisinwata, sp.nov. Holotype. Fig. la. 
Front view. x2. Fig. 1b. Portion of the body-whorl showing 
lines of growth and spiral lines. x4. Shallock Mill. Gray 
Collection, British Museum (Natural History). (See p. 428.) 

2a & 2b. Girvania excavata, sp. nov. Holotype. Fig. 2a. X 3. 
Fig. 2b. Two whorls showing ornamentation. x4. Shallock 
Mill. Gray Collection, British Museum (Natural History). (See 
9. 430, 

3. ee eacavata, sp. nov. Aperture. X44. Shallock Mill. 
Gray Collection, British Museum (Natural History). 

4, Girvania excavata, sp. nov. Apical whorls of another shell. X 3. 
Shallock Mill. Gray Collection, British Museum (Natural History). 

5. Hormotoma nigra, sp. nov. Holotype. x3. Shallock Mill. Gray 

Collection, British Museum (Natural History). (See p. 425.) 


igs. 6a & 6D. Plethospira (?) caledoniensis, sp. nov. Holotype. Fig. 6a. 


Figs. 


Fig. 


gs. 8a-8c. Bembewxia globosa, sp. nov. Holotype. Fig. 8a. Back view. 


3. Phanerotrema rugosa, sp. nov. Section behind the aperture of 


Back view. Fig. 66. Same shell showing section of body-whorl. 
Natural size. Balclatchie. Gray Collection, British Museum 
(Natural History). (See p. 424.) 

7. Plethospira (?) caledoniensis, sp. nov. Another specimen showing 
lines of growth. Natural size. Balclatchie. Gray Collection, 
British Museum (Natural History). 


Fig. 8b. Aperture. Natural size. Fig. 8c. Band and lines of 
growth. x4. Thraive Glen. Gray Collection, British Museum 
(Natural History). (See p. 416.) 

9a-9c, Promowrlonia ambigua, sp. nov. Holotype. Fig. 9a. Side , 
view. Fig. 9b. View of base. xX #. Fig. 9c. Portion of surface 
showing band and lines of growth. 6. Bargany Pond Burn. 
Gray Collection, British Museum (Natural History). (See p. 422.) 


10a-10c. Promowrlonia furcata, sp. nov. Holotype. Fig. 10a. Back 


view. Fig. 10b. View of base. x 3. Fig. 10c. Band and lines 
of growth. 6. Bargany Pond Burn. Gray Collection, British 
Museum (Natural History). (See p. 422.) 


PLATE XXXVI. 


la & 1b. Phanerotrema m‘coyi, nom. nov. Fig. 1a. Front view with 
aperture. Fig. 1b. Back view. > 2. Mullock Hill. Gray Col- 
lection, British Museum (Natural History). (See p. 423.) 

2. Phanerotrema rugosa, sp.nov. Holotypé. Natural size. Woodland 
one Gray Collection, British Museum (Natural History). (See 
p. 423. 


another specimen, showing the slit in the outer lip, and impression 
of a portion of the penultimate whorl. Natural size. Woodland 
Point. Collection of the Misses Gray, Edinburgh. 

4. Phanerotrema rugosa, sp.nov. Base of young shell. Natural size. 


Gray Collection, British Museum (Natural History). 
5. Euomphalopterus ordovicus, sp.nov. Holotype.  %. Balclatchie. 
Gray Collection, British Museum (Natural History). (See p. 438.) 


6. Ewomphalopterus ordovicus, sp.nov. Paratype.  X 3. Balclatchie. 
Gray Collection, British Museum (Natural eestery 
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Fig. 7. Euomphalopterws ordovicws, sp. noy. Wax impression of a specimen 
showing fine lines crossing the flutings. 2. Thraive Glen (Star- 
fish-Bed). Gray Collection, British Museum (Natural History). 

8. Huomphalopterus ordovicus, sp. nov. Wax impression of the base 
of a young shell 2. Ardmillan. Gray Collection, British 
Museum (Natural History). 

9. Euomphalopterus ordovicus, sp. nov. Wax impression of another 
specimen, showing fine lines crossing the flutings. 2. Thraive 
Glen (Starfish-Bed). Gray Collection, British Museum (Natural 
History). 

Figs. 10a & 10b. Leswewrilla scotica, sp. nov. Holotype. Fig. 10a. Base. 
Fig. 10 6. View showing the aperture. Natural size. Balclatchie. 
Gray Collection, British Museum (Natural History). (See p. 437.) 

Wig. 11. Lesweurilla scotica, sp. nov. Specimen having the upper surface 
shghtly sunk. Natural size. Balclatchie. Gray Cellecticn, 
British Museum (Natural History). 

12. Leswewurilla scotica, sp.noy. Another shell, with the upper surface 
deeply sunk. Naturalsize. Balclatchie. Gray Collection, British 
Museum (Natural History). 

13. Leswewrilla scotica, sp. nov. Back view of the largest specimen. 
Natural size. Balclatechie. Gray Collection, British Museum 
(Natural History). 

Figs. l4da & 146. Lesueurilla (?) balelatchiensis, sp. nov. Holotype. Fig. 
14a. Front view. Natural size. Fig. 146. Back view, showing 
traces of lines of growth. xX 3. Shell somewhat squeezed obli- 
quely. Balclatchie. Gray Collection, British Museum (Natural 
History). (See p. 438.) 


PrarE XXX VIL. 


Fig. 1. Maclurea sedgwicki, nom. noy. Holotype. Natural size. Aldons. 
Sedgwick Museum, Cambridge. (See p. 431.) 

2. Maceliurea sedywicki, nom. noy. Aperture of young specimen showing 
the inner lip thickened and covering the umbilical region. X 2. 
Baleclatchie. Gray Collection, British Museum (Natural History). 

3. Maclurea sedgwicki, nom. nov. Upper view of another young shell. 
Natural size. Balclatchie. Gray Collection, British Museum 
(Natural History). 

4, Maciurea sedgwicki (2). Operculum. Natural size. Craighead. 
Hugh Miller Collection, Royal Scottish Museum, Edinburgh. 

5. Maclurea sedgiicki, nom. noy. Base showing spiral threads and 
eroovyes. Natural size. Craighead. Hugh Miller Collection, 
Royal Scottish Museum, Edinburgh. 

6. Maclurea salteri, sp. nov. Holotype. Upper view. Natural size. 
Minuntion. Collection of the Scottish Geological Survey, Edin- 
burgh. (See p. 432.) 

. Maclurea salteri, sp.nov. Paratype. View of base. Natural size. 
Minuntion. Collection of the Scottish Geological Survey, Edinburgh. 

8. Maclurea salteri, sp.nov. View of the base of a young specimen. 
Natural size. Balclatchie. Gray Collection, British Museum 
(Natural History). 

Figs. 9a-9¢. Maclwrea salteri, sp. nov. Fig. 9a. Upper view of young 

specimen. Natural size. Fig. 9b. Lines of growth on the side.. 
2. Fig. 9c, Lines of growth on the upper surface of another 
young shell. 2. Minuntion. Collection of the Scottish Geo- 
logical Survey, Edinburgh. 

10a-10¢. Evcyliomphalus mulblockensis, sp. nov. Holotype. Fig. 10a. 
Wax impression of the upper side. Fig. 100. Wax impression 
of base. Fig. 10c. Approximate form of section. X 3. Mullock 
Hill. Sedgwick Museum, Cambridge. (See p. 435.) 
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PLATE XXXVIII. 


Figs. la & 1b. Eccyliomphalus bucklandi Portlock. Fig. la. Holotype. 
Base. Natural size. Fig. 1b. Lines of growth at the side. X 3. 
Desertcreat (Tyrone). Museum of Practical Geology, London. (See 
p. 433.) 

Figs. 2a & 2b. Hecyliomphalus bucklandi Portlock, Fig. 2a. Upper view, 
exhibiting keel and lines of growth. Fig. 2b. Approximate form 
of section. Natural size. Desertcreat (Tyrone). Museum of 
Practical Geology, London. 

Fig. 3. Eccyliomphalus minor Portlock. Upper view. X 3. Desertcreat 
(Tyrone). Museum of Practical Geology, London. (See p. 433.) 

Figs. 4a & 4b. Eccyliomphalus balelatchiensis, sp.nov. Holotype. Fig. 4a. 
Base. X 3. Fig.46. Lines of growthatthe side. Xx 2. Balclat- 
chie. Royal Scottish Museum, Edinburgh. (See p. 434.) 

5a & 5b. Eccyliomphalus balclatchiensis, sp. nov. Fig. 5a. Upper 
view of asmaller specimen. Fig. 5b. Approximate form of section 
of whorl. x 3. Balclatchie. Royal Scottish Museum, Edinburgh. 
6a & 6b. Eecyliomphalus scotica M‘Coy. Holotype. Fig. 6a. Upper 
view. Fig. 6b. Approximate form of section. Natural size. 
Knockdolian Quarry. Sedgwick Museum, Cambridge. (See p. 434.) 

Fig. 7. Eecyliomphalus scotica M‘Coy. Base of another shell. Natural 
size. Knockdolian Quarry. Sedgwick Museum, Cambridge. 

Figs. 8 & 9. Eccyliomphalus (2?) macromphalus (M‘Coy). Holotype. Fig. 8. 
Upper view. Fig. 9. Viewof aperture. Natural size. Craighead. 
Sedgwick Museum, Cambridge. (See p. 435.) 

Fig. 10. Hecyliomphalus (2?) macromphalus (M‘Coy). View of base. Natural 
size. Balclatchie. Gray Collection, British Museum (Natural 
History). 

11. Eecyliomphalus (2) macromphalus (M‘Coy). View of the base of 
another specimen. Natural size. Kilbucho. Collection of the 
Scottish Geological Survey, Edinburgh. 
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18. The GeouocicaL Srrucrure of the CLevepoN—-PorrisnEAD 
AreA (Somerset). By Prof. Srpney Hueu Reyno3ps, 
M.A., Se.D., F.G.S., and Epwarp GREENLY, D.Se., F.G.S. 
(Read January 9th, 1924.) 
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I. InrRoDUCcrION. 


‘Tue area described in the following paper is, in the main, a promi- 
nent ridge some 4 miles long, forming the extreme north-western 
portion of Somerset and stretching from Portishead in the north- 
east to Clevedon in the south-west (Pl. XXXIX, fig. 1). ‘It is 
separated from the Clifton—Clevedon ridge by the Gordano valley ; 
but, as one proceeds south-westwards, the two ridges are seen to 
approach and eventually come together at Clevedon, 

The main part of the ridge is geologically very simple, consisting 
of Old Red Sandstone overlain by the Carboniferous Limestone 
Series dipping south-eastwards; but at each end the structure 
becomes very complicated and difficult of interpretation. Owing 
to this fact, it has been thought desirable to describe the main part 
of the ridge first. 

The district was mapped by Sanders on the scale of 4 inches to the 
mile, and the Geological Survey for the l-inch map made but slight 
alteration in his lines. Little has been written, except about the 
Portishead end of the ridge. This, however, was described in con- 
siderable detail by Prof. C. Lloyd Morgan,! and, as his paper deals 
fully with the earlher work, it will not be necessary to repeat the 
references to this subject. Arthur Vaughan’s? work on the 
paleontological sequence in the Carboniferous Limestone of the 
Bristol area led him to determine the horizon of the rocks at 
the chief exposures throughout the district, but he did not attempt 
any general explanation of the geological structure. Some account 
of the chief exposures will be found in the Geological Excursion 
Handbook for the district by one of us (8. H. R.). 


1 «Contributions to the Geology of the Avon Basin: IV—On the Geology 
of Portishead’ Proc. Bristol Nat. Soc. n.s, vol. v (1885-88) pp. 17-30. 
2 Q, J. G. 8. vol. lxi (1905) pp. 228-30. 
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Il. Tue PorrisnueEsD-CLEVEDON RipGE NORTHWARDS FROM 
Drat Hinz, Crevepon. (S. H. RB.) 


In the following pages the succession is described with only 
sufficient detail £6, make the account of the structure compre- 
hensible. 


(a) From Dial Hill, Clevedon, to Nightingale Valley, 


W enisl in- Cord ne 


Throughout this tract, which has a length of about 8 miles, the 
ge ological structure is very simple. The area is a ridge of Old Red. 
Sandatone and Carboniferous ae striking north- eastw ards, and 
bounded on both seaward and landward sides by the Triassic 
conglomerate. ‘Tongues of this conglomerate extend up the 
valleys , and isolated patches oceur near Walton Castle. Throvgh- 
out this area the Paleozoic rocks dip south-eastwards at angles 

varying from 80° to 60°. The Old Red Sandstone, which forme 2) 
tract of high ground, covers the largest part of the ridge, the width 
of its outerop increasing from only a few yards near Clevedon 
Pier to two-thirds of a Sale north of Nightingale Valley. The 
Cleistopora Beds form, as a rule, a grassy depression, the Za- 
phrentis and Syringothyris Beds a second ‘tract. of high ground. 
The Zaphrentis Beds and the Caninia Oolite are generally well- 
wooded, while the /aminosa dolomite (which is rarely exposed) is. 
more frequently under cultivation. 

The best sections are 


(1) In the neighbourhood of Walton Castle, from Castle Farm to Holly Lane. 
The upper part of K., 6, and the lower part of Z are seen immediately 
east of Castle Farm, crite there are exposures of C, (laminosa dolo- 
mite) in Holly Lane and quarries in C, (Caninia Oolite) at the bottom 
of the lane. 


(2) At Walton-in-Gordano there is a fine section ranging from 6 to Z,. The 
lower beds are seen in Plumley’s Quarry, the upper beds in the roadside 
quarry at Walton and in the crags overlooking the road. 


Several small dip-faults shift the strata, the southernmost of these extend- 
ing from Ladye Bay to Holly Lane. A second affects the outcrop of the K 
and Z beds north of Walton-in-Gordano, while a third occurs in Nightingale 
Valley. 


(6) The Nightingale Valley and Weston Big Wood 
Exposures. 


A fairly good section ranging from the Bryozoa-Bed (horizon a) 
to GC, (Caninia Dolomite) is seen here. A small quarry near 
the road east-north-east of Manor Farm exposes the Bryozoa- 
Bed and the lower part of K,. The whole of the Zaphrentis Beds, 
from {5 to y, is fairly well seen in exposures by the side of the road 
traversing the wood. The old quarry near the bottom of the road 
affords a fine section of the whole of the Caninia Oolite, while the 
top of the Zamznosa dolomite and the base of the Caninia Dolo- 
mite (a horizon not, as a rule, exposed in the Clevedon—Portishead 
area) are also seen. All these rocks dip south-eastwards at a 
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moderate angle; but, if we pass on to the Weston Big Wood 
quarries half a mile to the east, they are found to be opened i in Zy 
and y, lying vertical or sometimes slightly overtfolded. 

As regards the explanation of this reappearance of the Z beds, it 
is clearly due to the rocks being folded into a syncline Gee figs. 1 
& 2, pp. 450-51). Owing to the wooded character of the eround, 
it is very difficult to trace the outcrops of the several bands, 
although | it is possible to do so in the case of the Caninia Oolite. 


(¢) The Fore Hall Exposures. 


The puzzling arrangement of the rocks at Fore Hill and in the 
adjacent lanes (fig. 1) has been fully described by Prof. C. Lloyd 
Morgan. In the lower part of the lane south of Fore Hill (St. 
Mary’ s Lane) dolomitized crinoidal limestone (3 or Z,) with a low 
south-eastward dip is seen near Greenfield Farm. Farther up, m 
the neighbourhood of Wetland’s Lane, the Paleozoic rocks are 
hidden by the Triassic conglomerate. Still higher up, near Cape- 
nore Court, Old Red Sandstone is well exposed, At the top of the 
lane, near the point where it bends eastwards, Cledstopora Beds 
are seen, red limestone (perhaps attributable to the Bryozoa-Bed) 
being fairly well exposed on both sides of the road. 

If we pass now to the lane north of Fore Hill, the Bryozoa-Bed 
is found exposed at the very top, and a little lower down greatly 
disturbed reddish shale with bands of sandy limestone, all repre- 
senting the K,, beds, occur. Shehtly lower down, vertical Old Red 
Sandstone is seen. In both these lanes, then, sections of the base of 
the Carboniferous and top of the Old Red Sandstone are seen, the 
rocks lying almost vertically and being considerably disturbed. 
The rocks are exactly on the strike of the highly inclined strata of 
Weston Big Wood Quarry, and are clearly affected by a con- 
tinuation of the same sharp synclinal fold. But, while at Weston 
Big Wood nothing is seen below Z », at Fore Hill the fold brings 
the lowest K beds and Old Red Sandstone to the surface. This is 
doubtless due to a south-westward pitch of the axis of the fold. 

The limestone mass of Fore Hill remains for consideration (see 
fig. 3, p. 451). It consists of /3 and Z,, and the upper strata are note- 
worthy for the large amount of chert that they contain. They dip 
at about 20° south-eastwards, and all observers have agreed that their 
position can only be explained by faulting. Prof. Lloyd Morgan 
considered that the Fore Hill mass was brought by a normal fault 
with a low hade ‘from the limestone mass which, ere denudation 
removed it, occupied its normal position over what is now West 
Hill.’ In view, however, of the evidence of thrust-faulting which 
the district affords, a simpler explanation would seem to be that the 
Fore Hill mass is analogous to that described by one of us (H. G.) 
at Dial Hill, Clevedon, and is thrust forward from the south-east. 
The limestone exposed in St. Mary’s Lane near Greenfield Farm is 
clearly part of the same mass, and it is probable that a patch of 
limestone with silicified crinoids on the hillside west of Fore Hill is 
also a thrust mass. 


Q. J: G.S. No. 319. 2H 
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(d@) Exposures in the Neighbourhovd of Woodhill. 


After being concealed for a space by the overstep of the Trias, 
the Paleozoic rocks reappear with the same strike at Woodhill 
(Pi. XXXIX, fig. 2 & text-fig. 4), which, as was recognized by 
previous observers, is clearly a detached portion of the main ridge. 
The rocks forming the north-western limb of the fold are seen 
in several old quarries, the Old Red Sandstone being well exposed 
in the grounds of Firceliff, while the Bryozoa-Bed (a) is seen in the 
erounds of ‘The Gnoll.’ 

The rocks forming the trough of the fold are seen in a series of 
small abandoned quarries in the fields south-west of Royal Terrace. 
The southern one is in K, beds dipping at 18° south-eastwards, 
and containing the normal fauna; the other quarries are mainly in 
the Bryozoa-Bed (a), considerably disturbed. The south-eastern 
limb of the fold is seen in the old overgrown quarry opposite 
Portishead Station. The rocks here, although coloured as Lower 


Fig. 4.—Section frpm Battery Point to Portishead Station 
(Section IIT in Pl. XX XIX, fig. 2.) 


N.W. Se 
Woodhill. 


Battery Point 


Portishead 


Station 


[Scales, horizontal: 6 inches =1 mile; vertical, greatly exaggerated. | 


O.R.S.= Old Red Sandstone. K=Cleistopora Beds. Z=Zaphrentis Beds. 
T=Trias. 


Limestone Shale in Prof. Lloyd Morgan’s map, are clearly Old Red 
Sandstone, the dip of which at the top of the bank is 65° west- 
north- westwards, while lower down the rocks are practically vertical. 
‘The south-eastern limb of the fold is again seen in the old quarry 
behind the factory near Portishead Pier Station (figs. 5 & 6, pp. 453, 
454). At the northern end the Triassic conglomerate rests upon 
beds affording a passage from the Old Red Sandstone to the Car- 
boniferous, and the exposure is especially interesting from the fact 
that these strata are not exposed elsewhere in the neighbourhood 
of Portishead, being hidden by alluvium in the Woodhill Bay 
Section. The Old Red Sandstone passes up into red caleareous 
sandy beds and impure limestones, succeeded by the Bryozoa-Bed, 
which forms the rear wall of the main part of the quarry. At the 
southern end the Old Red Sandstone overlain by Trias is again 
exposed. While at the northern end of the quarry the rocks have 
the normal but very high dip of 80° west-north-westwards, farther 


in 


Ww 
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south an apparent dip of 80° east-south-eastwards may be noted : 
that is, the rocks are slightly overfolded, and really dip at 100° 
west-north- westwards. 


Ill. Toe Easrwoop Riper. (S. H.R.) [See Pl. XXXIX, 
fig. 2, & text-figs. 4-6, pp. 452-54. ] 


_ Near the northern end of Woodhill Bay the Bryozoa Bed («) 
is well exposed in a low cliff, and is brought by a reversed fault 
over the upper K, beds, which are well seen immediately to the 
north thrown into a series of five small anticlines and synelines, 


Skhetch-map of the neighbourhood of 
Portishead Pier Station. 


Fig. 5. 


[Scale: 12 inches = 1 mile, or 1: 5280. ] 
1=Old Red Sandstone. 2=Cleistopora Beds (K). 7=Trias. 


A second section of the disturbed beds in the neighbourhood 
of this thrust-fault is seen in the shallow cutting at the northern 
end of the Esplanade, and a third at the northern end of the new 
road encircling the ‘ Marine Lake.’ The rocks are greatly 
folded and disturbed in both the sections, which are almost 
entirely in the Bryozoa-Bed. In addition to the thrust-fault 
bringing the Bryozoa-Bed over K,, it is clear from the dip in the 
rocks of the road-section that the Old Red Sandstone is thrust 
over the lower K beds (see fig. 4, p. 452). 

We may now return to the foreshore section. An interval 
without exposures separates the disturbed K, beds from Battery 
Point, formed by horizon f. Z, sueceeds @, and these beds 
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extend eastwards below a tongue of Trias for about 300 yards, 
until they disappear, and the Trias forms the cliff as far as a 
point a short distance east of the house called ‘ Eastwood.’ Here 
Paleozoic rocks, but in this case Pennant Sandstone, not 
Carboniferous Limestone, emerge from beneath the Trias, and 
extend with a northward dip as far as the neighbourhood of the 
Pier. Three small patches of Pennant Sandstone appear through 
the Trias on the foreshore, west of the main outcrop. 

The prominent wooded ridge of Hastwood (fig. 6), rising steeply 
toa height of about 200 feet, consists of Carboniferous Limestone, 
and seems (although exposures are very bad) to be composed 

throughout of Z 
Fig. 6.—Section from Portishead Pier Station beds. Except in 
to Eastwood House (Section IV in Pl. a little old quarry 


AXXIX, fig. 2). near the south- 
eastern margin of 
N.W. S.E. the ridge, where 
Eastwood *  thedip is about 40° 
: north - westwards, 

near Pier 


the rocks are 


Eastwood House : 
everywhere verti- 


‘ 
Tee cal or even slightly 
overfolded to the 
Zz os north. 
% € The observations 
= recorded above 


[ Length = about 300 yards. | 


O.R.S.=Old Red Sandstone. . : ees 
northern margin 
K=Cleistopora Beds. iS 


Z=Zaphrentis Beds. of the area here 
CD (should be CM)=Coal Measures. described, — from 
Tanne Battery Point to 
the Pier, consists 
of Carboniferous Limestone (Z beds) fringed on the northern side 
by a strip of Pennant Sandstone, the junction between the two 
rocks being concealed by the Trias. Below the Pier Hotel, how- 
ever, it is clearly seen that the Carboniferous Limestone is thrust 
over the Pennant Sandstone, the limestone in the neighbourhood 
of the fault being very much shattered. It is probable that, as 
is indicated in the map (Pl. XX XIX, fig. 2), this thrust is a con- 
tinuation of the northernmost of the two that traverse the rocks 
south of Battery Point, and which there brings the Bryozoa-Bed 
(a) over Kj. The overthrust Carboniferous Limestone mentioned 
above, although clearly a continuation of the mass forming East- 
wood, is reduced to a band only about 40 yards wide, being cut 
off on the south by a second fracture, which brings it against the 
Old Red Sandstone of the Pier Station. This fault continues 
westwards along the southern margin of Eastwood, and it is 
probable that, as is suggested in the map, it is a continuation of 
the southernmost of the two overthrusts south of Battery Point. 


show that the 
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IV. Summary or tue Tecrontics or tHE PorrisHEAD 
AREA (Sable Re). 


The main Clevedon—Portishead ridge is formed by the north- 
western limb of a synclinal fold which extends the whole way 
from Clevedon to Woodhill, Portishead. While the direction 
of dip remains very uniform, the amount varies much, but is 
never greater than 60°. The south-eastern limb of the syncline 
is not seen in the south-western part of the ridge, being first 
met with in the Weston Big Wood quarry (see fig. 2, p. 451). 
The exposures in the lanes at Fore Hill, at Portishead Station, 
and at the Pier Station belong to this limb. The dip of the 
rocks is everywhere very much higher than in the north-western 
limb. Thus, in the Weston Big Wood quarry, the dip varies 
from about 80° to 100°. In the Fore Hill lanes the rocks are 
much disturbed, and the dips very high. In the Old Red Sand- 
stone quarry at Portishead Station the dip is very high, and in 
part of the quarry vertical; while the small quarries on Woodhill 
afford evidence of considerable disturbance. Lastly, at the Pier 
Station, the dip of the Old Red Sandstone and the K,, beds is 
very high, and in part of the quarry the rocks are overfolded. 

While in the south-western part of the area the rocks forming 
the trough of the syncline are Syringothyris Beds, farther 
north-east nothing is seen above K,. An explanation of this may 
be found by assuming a south-westward pitch of the axis of 
the fold. 

The south-eastern lLmb of this syncline forms at the same 
time the north-western limb of an anticline, the arch of which is 
broken through by a thrust that brings a fragment of the south- 
eastern limb (the Fore Hill mass) over the north-western limb 


(see fig. 3, p. 451). 


The Eastwood ridge, with its east-and-west strike, remains for 
consideration. The main part of it is formed of Carboniferous 
Limestone (Z) which at the western end (Battery Point) has 
a northward dip of 55°, while throughout the main part of the 
ridge the rocks ave nearly vertical or even slightly overfolded 
northwards (see fig. 6, p. 454). At. the western end there is 
clear evidence of thrust-faulting from the south, the Bryozoa- 
Bed being thrust over K, and the Old Red Sandstone over the 
Bryozoa-Bed (see fig. 4, p. 452). It is clear also that the 
relation between the disturbed K beds south of Royal Terrace, 
Woodhill, with their general south-eastward dip at a moderate 
angle, and the Z beds of the old quarry in Eastwood west ot 
Royal Terrace, where the rocks are vertical and strike east and 
west, must be a faulted one. Near Portishead Pier Station 
there must eertainly be a fault, between the Old Red Sandstone 
exposed near the platform and at the entrance to the old quarry, 
and the Garboniferous Limestone seen on the foreshore a few 
yards away to the north. 
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The details mentioned above can be understood if the Eastwood 

ridge is regarded (fig. 7, p. 456) as the terminal portion of the 
northern limb of an anticline, over or against which the southern 
limb has been thrust along the fault-line between Battery Point 
and the Pier Station. The whole Portishead area would then 
represent two converging anticlinal folds, each of which has its 
arch broken through by a thrust from the south-east. The 
junction between the strip of Pennant Sandstone bordering the 
northern shore and the limestone of Eastwood is also faulted, 
the limestone being seen below the Beach Hotel to be thrust over 
the Pennant Sandstone. 


VY. Tue Crevepon Anza. (E.G.) [Pl. XX XIX, fig. 3.] 
(a) The Convergence of the Ridges. 


The Paleozoic rocks crop out on two distinct lines of strike, 
which have given rise to two ridges, each about 270 feet in 
height, one running westwards from Bristol, the other south- 
westwards from Portishead: the Trias-floored hollow between 
them being known as the Vale of Gordano. These two ridges 
converge at Clevedon, their limestones coming together on the 
high platform east of Dial Hill. 

The Paleozoic succession is complete on the north-western 
ridge from the Old Red Sandstone to the Caninéa Oolite (the 
Caninia Dolomite being reached near Hillside Lodge); but on 
the southern ridge, although the Canénia Oolite is again reached, 
the Old Red Sandstone, the K beds, and the base of the Z beds 
are missing. Moreover, along the curving junction from the 
‘Court Hill’ to the Hill Road, in less than three-quarters of 
a mile, the Z beds dip, first off Coal Measures, then off the 
Janinia Oolite, then off Coal Measures again, and finally off 
the Caninia Oolite once more. Further, on the southern side 
of the lne the horizon is not constant, changing from Z, to the 
upper part of Z, as we pass south-westwards. The width of the 
Coal-Measure outcrop, too, is reduced (without rise of dip) from 
990 yards to nothing in a distance of only 590 yards. Plainly, 
the convergence is a rupture, but what is the nature of that 
rupture? That‘it is not a normal fault is at once suggested 
by its curvatures, while the dips on both ridges (varying from 
30° to 40°, commonly about 40°) are in the same generally 
southward direction. 


(6) he Sections at East Clevedon Gap (fig. 8, p. 458). 


Now, where the line of junction between the Coal Measures 
(Pennant Sandstone) and the limestones crosses a huge gap, 240 feet 
deep, in the southern ridge, which may be called ‘ Hast Clevedon 
Gap,’ it curves back southwards as much as 170 yards. On the 
wooded western crags of the Gap (known locally as Strawberry 
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Hilland Bella Vista), the Canina Oolite forms a rugged vertical 
escarpment, the base of which, running down through the woods, 
has curved back southwards 50 yards where it is crossed by the 
upper pathway, so that for 50 yards, walking upon Coal Measures, 
we look vertically up to the mass of Caninéa Oolite. Fragments 
of Coal-Measure sandstone occur on the steep slope at the foot 
of the oolite escarpment. Manifestly, this mass of Caninia 
Oolite is resting upon Coal Measures and on a plane inclined 
at quite a moderate angle. The actual junction does not seem 
to be exposed at present, although there are exposures within 
2 or 3 yards on both sides of it on the upper path; but I have 
an old note (written in 1887) and illustrated by a sketch, that 
there was then a low section across it on the pathway showing it 
to have a southward inclination of 37°. Looking at this great 
feature (especially in the winter, when the woods are leafless) 
from the other side of the Gap, the angle was found, on an 
average of several measurements, to be 35° from the horizontal.! 

In short, it is clear that the rupture is a true thrust-plane, 
and the features to which it gives rise resemble in every way 
those of the North-West Highlands of Scotland. It may be 
designated the Bella-Vista Thrust-plane (see fig. 8, p. 458). 

The bedding of the Caninia Oolite riding on this thrust-plane 
dips at no less than 65°, so that the beds must be truncated by 
the thrust at an angle of 30°. The Coal Measures below it 
undulate at angles varying from 14° to 35°, rising to 90° close to 
the thrust, where they are described in my old note as contorted, 
and the dips now visible indicate this contortion to be a sharp 
isoclinal overfold. The Canénéa Oolite at the thrust is traversed 
by lines of mylonitic deformation, and its texture is to a 
considerable degree obliterated. This mass of oolite, which does 
not reappear on the eastern side of the Gap, and also dies out 
rapidly south-westwards, is thus a double wedge or lenticle, about 
GO feet thick, the internal structures of which are inclined at a 
much higher angle than that of the wedge as a whole. 

The wedge of oolite, thinning down the dip, is seen to pass 
under limestones belonging to the upper part of Z,, to which we 
can look up vertically from it as we can to the oolite from the 
Coal Measures. The plane whereon they rest is consequently that 
of another thrust. This also does not appear to be exposed, but 
its inclination seems to be a degree or two higher than that of the 
Bella-Vista Thrust-plane, and it may, therefore, be regarded as 
truncated by and carried forward on the latter. A few yards 
farther south-east, the Z beds are seen to be crushed and traversed 
by steep minor thrusts. 

What, now, is the nature of the western boundary of the Coal- 
Measures? ‘They end ata place where there is an abrupt change 
in the direction of the steep-wooded bluff, and (dipping 22° south- 


1 The features on the eastern side of the Gap are less pronounced ; but the 
line, as traced down through the steep woods, indicates the same angle. 
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astwards at the foot of the bluff, east of the quarry at O.D. 
194°9), fail to pass up on the dip over the limestones of the 
Portishead—Clevedon ridge. The change of feature is, therefore, 
determined by a strike-fault, which, however, cannot be traced on 
towards Clevedon, and does not seem to have a throw of more than 
50 or at most 100 feet. Quickly escaping (by reason of a south- 
westward rise of the basal plane) from this fault, the boundary, 
marked by a pronounced escarpment, curves round on the high 
bare down, and is truncated against the Bella-Vista Thrust-plane, 
for the Coal Measures (traceable by fragments in the ploughed 
land across the road) wedge out about 140 yards beyond Park 
Cottages, and have disappeared on the crag near Hampton House. 
Manifestly, they too rest on a moderately inclined plane. 
Whether, as believed by A. Vaughan and F. Dixey,! there be 
unconformity, the whole of the Viséan, with apparently the Lower 
Coal Measures as well, having been locally removed by inter- 
Carboniferous erosion, is a question that will not be discussed in 
this paper. But, independently of that question, there is reason to 
suspect that the base is cut out, for the lowest visible sandstones 
on the wooded bluffs are buckling over, as if driven forward on a 
thrust-plane. Should serious unconformity be eventually proved, 
this thrust need not be of much tectonic importance. In any case, 
the plane, whatever its nature, is overstepped by the Bella- Vista 
Thrust-plane at the point indicated. ye 

The last of the ruptures which emerge upon the wooded bluff is 
one that determines another sudden change in the direction of that 
bluff, at the nook of Bennett’s Ripple, where the features clearly 
indicate that its inclination is south-eastward. Yet, suddenly 
widening the outcrop of the Caninia Oolite, it must be an upthrow 
to the south-east, and is therefore interpreted as a minor thrust. 
There are indications that the overriding beds, which cannot be 
far from the base of the oolite, and exhibit the characters of the 
passage from the /aminosa dolomite, are sharply overfolded. But 
this minor thrust soon dies out south-westwards. 


(ec) The Park Road. 


The position of the Bella- Vista Thrust-plane can again be fixed 
to within a few yards in a small gully of the crags below the upper 
Park Road, a little to the east of Hampton House, where its angle 
appears to be reduced to about 15°. Here, having cut out the 
upper thrust and overridden the Coal Measures, it is driving Z, 
beds of the southern ridge on to undisturbed Caninia Oolite, not 
of that ridge, but of the northern ridge: that is to say, on to a 
much lower tectonic horizon than that of the oolite-wedge of Kast 
Clevedon Gap. 


(d) Littleharp and Salthouse Bays. 


‘Minor disturbances, such as curvature of the strike, have long 
been visible in places upon the Clevedon coast. But the stormy 


1 Q.J.G.S. vol. lxi (1905) pp. 228, 232 ; Geol. Mag. 1915, pp. 312-16. 
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tides of January 1920, by laying bare the foreshore in Littleharp 
and Salthouse Bays, showed that the KK, beds and the Clathratus 
subzone of Z,, instead of disappearing finally on the dip at the end 
of the great foreshore section of Clevedon Bay (described by 
ASV aughan), are twice repeated.! 

Thus, the apparently abnormal thickness of Z beds was accounted 
for, and the existence of two considerable ruptures was revealed. 
The inclinations of these ruptures, which are exposed only on the 
foreshore, have not been, so far, clearly observable ; but on the 
north side of Littleharp Bay, immediately below the northern one, 
there is a belt of unmistakable minor thrusting, underlain by a belt 
of sharp folding, which leaves no doubt that both of them are true 
thrust: planes. They strike towards the Bella- Vista Thrust-plane ; 
an interruption, caused by a disturbance presently to be described, 
makes it difficult, however, to be sure of the precise tectonic 
horizons. 


(e) Dial Hill (fig. 9, p. 458). 

This conspicuous hill, which nearly reaches the 300-foot contour, 
presents a curious problem. It rises to a height of 60 feet above 
the elevated plattorm of the Old Park, and that with singular 
abruptness, being bounded on all sides by steep, sometimes even 
cragey, features. Its rocks dip at about the same average angle as 
do those of the surrounding platform, with, however, sharp local 
variations. But when, starting from the Z, beds at the roadside 
overlooking the Congregational Church, we proceed along the 
strike, we find that these ‘beds, instead of ranging over the summit, 
suddenly disappear at the foot of the bounding feature, where we 
meet with Caninia Oolite, underlain bya rock which is regarded 
as a crystalline modification of the laminosa dolomite, although 
its upper part may bea modification of the lower beds of the oolite 
itself, developing locally in the vicinity of disturbances. Precisely 
he same relations reappear at Old Park House at the other end of 
the hill. Further, we find that the base of the unbroken Jaminosa 
dolomite at the roadside above the Congregational Church runs 
up against the same bounding feature, and disappears in like 
manner. Dial Hill itself is composed of the Caninia Oolite and 
laminosa dolomite aforesaid, save that on its north-western 
escarpment a wedge of crinoidal limestone of the type common in 
horizon y rises from beneath the latter. It is, however, only some 
25 feet thick, and not only does it wedge rapidly out in both 
directions, but Jaminosa dolomite rises again from «beneath it. 
The beds on the hill, which dip at angles varying from 35° to 50°, 
show signs of disturbance. 

Is a tectonic interpretation of these phenomena feasible ? 
Plainly, as before, there is rupture; but what is its nature: ry ADS 


1 The local details of this interesting discovery have been communicated 
to the Bristol Naturalists’ Society. Here it may suffice to say that the 
oceurrence of the characteristic Z, fauna and of Cleistopora aff. geometrica 
places the two horizons beyond all doubt. 
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us compare the probabilities of normal faulting and overthrusting.! 
For the first method we must postulate a pair of faults running 
north-west and south-east in the same general direction as the 
post-Triassic fault of Ladye Bay, which is about half a mile away 
to the north. Now, where such faults must cut the boundaries 
of the several zones and sub-zones (not to mention the base of the 
Trias of the seaboard if the faults be post-Triassic), perhaps a 
dozen intersections in all, those boundaries show no signs of 
displacement. Nor would the faults account for the wedge of 
crinoidal limestone, or for the curving boundaries near Old Park 
House. Significant also is the fact that, whereas the Ladye Bay 
fault ? gives rise to a strong feature all along its course, these do 
so only at Dial Hill itself, and develop no features whatever in 
the rest of their course. Why should two faults cross a tract 
composed of a number of rocks with very different powers of 
resistance, and yet produce no features whatever except, in each 
case, just at the sides of the mass which they are postulated to 
explain? They also raise a difficulty in connexion with the Hill- 
Road-Crag disturbance which will be considered later (p. 464). 

Is any simpler hypothesis available? We know that over- 
thrusting does exist in several parts of Northern Somerset, as at 
Weston-super-Mare, Vobster, and Radstock; while the overthrust 
at Clifton is on one of the two Clevedon lines of strike. We now 
know, too, that there is powerful thrusting less than 200 yards from 
Dial Hill. The Radstock thrust, moreover, is at an extremely low 
angle, if not horizontal. Now, from whatever direction we look 
at Dial Hill, its aspect is, despite the high dip of its beds, in every 
respect that of an outlier. Let us suppose it to be, like many 
such hilltops in the North-West Highlands,? an outlier from a 
major thrust-plane (see fig. 9, p. 458). All the phenomena that 
it reveals become at once intelligible. Kven its little wedge of 
crinoidal limestone, so curiously overlying part of its laminosa 
dolomite, receives an explanation as a wedge driven up on a minor 
thrust, piling up the beds which ride upon the major thrust-plane.* 
But of what thrust is it an outlier? From the low angle of the 
sole the main outcrop is not likely to be close by. The most likely 
one is the dominant thrust of Clevedon, the Bella-Vista Thrust- 
plane, whereon one wedge of steeply-dipping rocks at any rate is 
visibly riding. We have already seen reason to suspect that the 
angle of the Bella-Vista Thrust-plane is lowering in a_south- 


' The adjective ‘normal’ seems to suggest a sort of presumption in its 
favour. But, in the absence of junction-sections, no such prima-facie 
presumption is admissible. Indeed, there are districts, the North-West 
Highlands, for example, in which overthrusting is really the ‘ normal’ type of 
rupture, the other kind being but an accessory. 

? This fault ought, on the 1-inch reduction, to have been drawn with slight, 
but distinct, curvature. . 

% See ‘ The Geological Structure of the North-West Highlands of Scotland ’ 
Mem. Geol. Sury. 1907, fig. 25 & others. 

+ Confirmation of this view will be found in connexion with another 
structure to be discussed farther on; see footnote on p. 464, 
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westerly direction. Let it bend over in a manner for which 
there are numerous precedents in the classic region of the North- 
West Highlands,! and an outlier from it could easily be taken in 2 
on a gentle syncline at Dial Hill. The foregoing theory seems to 
possess the advantage of not being in conflict with any strati- 
graphical evidence, and of being in harmony with the general 
structure of the district. 


(f) The Hill-Road-Crag Disturbance. 


Running completely across the town of Clevedon is a great 
line of crag, which overlooks the ‘ Hill Road,’ with a height, in 
places, of as much as 100 feet. Its trend being from north- 
west to south-east, is at right angles to the dominant strike, 
and it terminates the high platform about a quarter of a mile 


Fig. 10.— Section across the Hill-Road-Crag disturbance, 
on the scale of 12 inches to the mile. 


S.W. Dial Hill N.E. 


| Hill Road is at the point marked by T.] 


K=Cleistopora Beds. Z=Zaphrentis Beds. 
LD=Laminosa dolomite. T= Major thrust. 
t= Minor thrust. BVT= Bella-Vista Thrust-plane. 


south-west of the convergence of the two ridges. Above Christ- 
church it bends round from south-east to east, and dies away 
rapidly towards Mount Elton. ‘That it is determined by a belt 
of disturbance is evident upon the map, where sub-zone after 
sub-zone is seen to be truncated at it. This disturbance is of 
pre-Triassie age, for it does not emerge upon the sea-cliffs of 
Dolomitic Conglomerate, and it passes beneath the base of that 
formation at Stancliff without causing any displacement. It is 
not simple, but includes three principal axes, with an aggregate 
width of about 50 yards. An attempt at a section across it 
is given in fig. 10, but attention is asked to the circumstance 
that, while crossing the strike within the belt of disturbance, 


1 Op. cit., Mem. Geol, Surv. 1907, figs. 27 & 48, 
2 Ibid. fig. 49, 
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the section is along the strike outside that belt, so that those 
parts are merely diagrammatic. The beds within the belt are 
wrenched round through 90°, so as to strike directly across the 
dominant trend of the country. They bend down south-eastwards 
in a sort of large monocline, but this is followed by a sharp 
synclinal axis, and that by a rupture (nowhere exposed ) at which 
the disturbance ends. Moreover, the monocline must be com- 
ee by a subsidiary isocline, for a short narrow strip of 

he Jaminosa dolomite appears within it, and there is evidently 
a a subsidiary rupture in the middle of the belt. Where 
the crag-feature bends eastwards, the disturbance must be dying 
out, for at Mount Elton it seems to be represented merely by 
a few folds of small amplitude. That the whole of this trans- 
verse wrenching is later ee the thrusting is certain, for it cuts 
off the Bella-Vista Thrust- plane completely near Hampton House, 
and that plane has not yet been identified with certainty on the 
south-western side. * 

The most striking feature of the belt, when. studied on the 
map, is the long band of /aminosa dolomite which has been 
traced along it from Hampton House to the Stanchff Trias.1 
Whence has this long band of the dolomite been brought ? 
Certainly it cannot have come from the ordinary outcrop of 
that subzone, which is seen at Newton House and Hallam Hall. 
Moreover, the nip of dolomite at the isoclinal infold in the 
monocline must rest, not on Z, or y, but on Z, beds 250 feet 
lower in horizon, which is an impossible overlap! We have 
seen, however, that wedges of the C-Zone, repeated and driven 
one upon the other, have been brought forward, probably on 
the Bella-Vista Thrust-plane, as far as Dial Hill. That hill 
we have seen reason to regard as a mere outlier, and similar 
wedges may well have extended 300 yards farther, if not much 
more than that. Suppose them bent over on the curve of the 
monocline. Then, in view of the gentle inclination of the thrust- 
plane at the outher, which would keep their sole down to the 
300-foot contour, quite a moderate displacement could bring 
them into the required position. The Bella-Vista Thrust- -plane 
seems, accordingly, to have rolled over southwards on this 
remarkable disturbance.2 on 

Owing to the monocline, the downthrow of the disturbance, 


' Further investigation may show that this band is not really continuous, 
but interrupted by wedges of other sub-zones, such as Z. or the Oaninia 
Oolite. Except in the public zigzag path which goes up the crag from the 
end of Bellevue Road, the whole belt of disturbance emerges in private 
gardens and backyards, All of these were examined, but in such places 
obscure exposures are liable to be missed. 

2 Incidentally (see p. 462), this carries confirmation of the proposed inter- 
pretation of Dial Hill. For, had the laminosa dolomite of the outlier 
been merely part of the ordinary outcrop of that sub-zone thrown forward 
between two faults, the high dip of their base (38° to 40°) would preclude 
them from being brought down in the necessary manner. In addition to 
which, there would be the impossible overlap on to Z, already mentioned, 
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as a whole, appears at first sight to be south-westwards. But a 
consideration (see Pl. XXXIX, fig. 8) of the zones and subzones. 
which it brings against each other shows that its net effect is a 
considerable wp-drive on the south-western side, and thus that 
the tinal rupture must more than counteract the effects of the 
monocline. {n view of the evidence pointing to north-eastward 
isoclinal folding, that rupture may be regarded with probability 
as a steep northward overthrust, along the overdrive side of 
a deep isoclinal infold. 


VI. Summary or THE TecTronics OF THES CLEVEDON 
AREA. (KE, G.) 


It thus appears that the tectonics are of true North-West: 
Highland type. The Bella-Vista Thrust-plane drives various. 
Ronen of the Limestone Series on to the Coal Measures and 
on to limestones of lower tectonic horizons. Although its angle 
is as high as 35° at East Clevedon Gap, there is evidence that 
it bends over westwards, and that it survives as a gently 
synclinal outher on Dial Hill. The rocks, both above and _ below, 
are several times repeated by minor thrusts. The thrust- -plane,, 
rolling over south-westwards as well, is driven back and up again 
on the transverse disturbance of the Hill Road Crag. Folding is. 
everywhere subordinate to thrusting. 


VII. Genera INTERPRETATION OF THE Dynamics. 


Let us now attempt a generalized picture of the dynamic 
significance of these phenomena. 

The two Paleozoic ridges, with the Vale of Gordano between 
them, inay be regarded as the remains of a large isoclinal infold 
with northward overdrive, deep enough to take the Coal Measures 
into its core. But it is really composite, for, towards Portishead, 
an isoclina! infold, which takes in beds as high as the Caninia 
Dolomite, is succeeded by an anticline, part of which is perceptible 
at Fore Hill. From the existence of Coal Measures at Clapton, 
we may infer that another syncline intervenes between the Fore 
Hill anticline and the main southern ridge. At Clevedon also, 
though every fold seems to be ruptured, the existence of two 
isoclinal infolds with an anticline between them is still discernible. 

Towards Portishead there is an evident south-westward pitch ; 
but at Clevedon it is a rise of lower beds on pitch which nips 
out the Coal Measures, brings up the K beds in Littleharp and 
Salthouse Bays, and is the true meaning of the convergence of 
the two vidges. Here, therefore, we have the south-western rim 
of the syneline, with a north-eastward pitch. Thus, considered 
as a whole, the major infold must be boat-shaped. The attempt 
to produce pure isoclinal folding was, however, unsuccessful. It 
found expression for the greater part, not in inversion, but in 
a succession of pperenaunts whereon the southern limbs were 
driven across the cores of the folds on to their north-western. 


Q. J.G.S. No. 319. Zz 
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limbs, the limestones of the south-eastern limb of one major 
infold being driven (as seen at Dial Hill) completely across the 

Coal Measures, where they narrowed on the rising pitch, on to 
the limestones of the north-western limb. 

At each end of the district there is transverse disturbance. 
The north-east and south-west strike, though locally dominant, 
is, regionally considered, subordinate to the general east-and-west 
Armorican strike. At Portishead there seems to have been an 
attempt to resume the regional strike. But this resulted in 
rupture; and, as the local boat- shaped infolds were in this latitude 
rising on their pitch, they were driven along a succession of 
thrusts (figs. 3 & 4, pp. 451 & 452) over those beds in which the 
regional strike had been established. 

At Clevedon there was again an attempt to resume the regional 
strike, resulting again in transverse disturbance with a generally 
northward impulse. It is to be noted, moreover, that the Bristol- 
Clevedon ridge, being itself on the regional Armorican strike, is 
unaffected by this movement, the Hill-Road-Crag disturbance 
dying out just where the limestones of the two ridges come 
together. Thus, transverse disturbance comes into being where 
the local strike was turning round into the regional, and only 
there. At Clevedon, moreover, it was the beds wherein the 
regional strike had been resumed that were driven upwards over 
those which retained the local strike. Finally, in this case, a 
major thrust-plane of the local strike became itself involved, 
being doubled into and driven up along the transverse corrugation. 


EXPLANATION OF PLATE XXXIX. 


Fig. 1. Generalized geological map of the Clevedon—Portishead area, on the 
scale of 1 inch to the mile, or 1: 63,360. 
2. Geological map of the Portishead Promontory, on the scale of 6 inches 
to the mile, or 1:10,560. 
3. Geological map of Clevedon, on the scale of 6 inches to the mile, or 
1:10,560. 


Discusston. 


Dr. J. A. Doveras referred to certain isoclinal infolds of the 
Zaphrentis Beds in the laminosa dolomites, and asked whether 
any indication had been observed of inversion of these beds. One 
of the diagrams exhibited by Dr. Greenly suggested that these 
were small “plunging anticlines, connected with tie overthrusting, 
rather than normal pinched-in synclines. 

Dr. J. W. Evans asked what were the relative ages of the 
folding with an east-and-west strike and of that striking north- 
east and south-west. In the South-West of England the Armo- 
rican folding alternated between those two directions, but in both 
cases appeared to date from the same period of disturbance. The 
paper illustrated the great debt which geological science owed to 
the work of the late Dr. Arthur Vaughan, in elucidating the 


[October 4th, 1924. } 
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stratigraphy of the Lower Carboniferous, and fine assisting in the 
solution of problems presented by structures in which those rocks 
were involved. His comparatively early death had been a severe 
loss to British geology. 

Prope Ome Jonzs remarked that many of the structures, such 
as sharp folding and overthrusting from the south, described by 
the Authors, were familiar features of the Carboniferous rocks 


much farther west in Pembrokeshire. The transverse fault 
described by the Authors as later than one of the main strike- 


faults reminded the speaker of a tear-fault. Such faults commonly 
accompany intense folding and overthrusting; but, although in 
general later than these structures, which may be cut by them, 
they must be regarded as part of the same system of movements 
as the other structures, and are not necessarily an indication of 
recurrence of movement at a considerably later period. 

Dr. GREENLY, in reply, said that he did not think that there 
was any general inversion within the belt of transverse disturbance. 
At the isocline, indeed, there was no decisive evidence locally ; but 
the Z beds on its south-western side, bending over, passed under 
the daminosa dolomites of the principal infold of the belt, and 
rose again from under them on the farther limb. It was, however, 
four years since he had seen the exposure. 

With regard to the relative ages of the two strikes, there was room 
for speculation that one of them had been pre-determined by some 
older folding of Caledonian trend ; but evidence was lacking, and 
he was inclined to agree with Dr. Evans's suggestion that the 
trend of the yee Clevedon ridge was no more than a local 
deflection of the regional Armorican strike. He joined cordially in 
Dr. Evans’s appreciation of the zonal work initiated by the late 
Arthur Vaughan. Without that zonal work, indeed, the study in 
tectonics now submitted would have been impossible. 


Q. J. G.8. No. 320. 2K 
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I. Lyrropvcrion. 


Iy the years 1918 and 1919 the Department for the Development 
of Mineral Resources made an attempt to solve the problem of the 
concealed extension of the Tyrone Coalfield by putting down a bore 
near Coalisland. One of the secondary results obtained from a 
study of the cores was an approximate solution of the old question 
of the age of the Lough Neagh Clays. These clays, as is fairly 
generally known, occupy the ground around Lough Neagh in the 
North of Ireland; but, being for the most part at a very low level, 
and covered by a thick mantle of drift, they are poorly exposed. 
Previous to 1875, and recently to a less extent, they were exploited 
for pottery purposes by means of open and bell-shaped pits, and 
E. T. Hardman ! records a number of sections obtained in this way. 
The only organic remains obtained from these pits were fragments 
of wood and woody tissue so highly carbonized as to be quite 
unidentifiable, and affording no trustworthy evidence of age. 
From general considerations, such as their superposition on the 
basaltic lavas, and the fact that they are overlain by the glacial 
drift, Hardman concluded (but apparently not without misgivings ) 
that the clays were Pliocene and laid down during a period of 
greater extension of the present lake. The evidence now available 
relegates them to the Older Tertiary, and indicates that their 
deposition was previous to the Miocene folding and faulting, so 
that their apparent association with the lake may be merely the 
result of their escape from denudation in the low ground around it. 

The difficulty of deriving a great thickness of very slightly 
ferruginous sediment from the denudation of a basaltic terrain 
does not appear to have troubled Hardman. It was first pointed 
out by Prof. H. J. Seymour in 1912,? and influenced him in the 


‘ «On the Age & Mode of Formation of Lough Neagh (Ireland), with Notes 
on the Physical Geography & Geology of the Surrounding Country ’ Journ. 
R. Geol. Soc. Ireland, vol. xiii (1875) p. 170. 

* ‘The Interbasaltic Rocks (Iron Ores & Bauxites) of North-East Ireland’ 
by G. A. J. Cole, S. B. Wilkinson, A. M’Henry, J. R. Kilroe, H. J. Seymour, 


C. E. Moss, & W. D. Haigh, Mem. Geol. Surv. Ireland, 1912. 
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direction of believing that the clays were derived from the 
denudation of the lithomarge of the interbasaltie zone so much 
in evidence between the Upper and Lower Basalt Lavas of the 
Antrim plateau. He was restrained, however, from regarding them 
as of interbasaltie age, since basaltic dykes, such as are usually 
found penetrating both the Upper and the Lower Basalts, are 
completely absent from the area covered by the clays. This 
seemed perfectly sound reasoning, but it left him with the 
necessary conclusion that, as the Upper Basalt could not be 
supposed to have been removed by denudation so as to expose the 
lhthomarge beneath, it must originally have had a restricted 
area of distribution. He considered that this supposition was 
strengthened by the discovery at Claremont, on the northern shore 
of Lough Neagh, of an area of lithomarge uncovered by the Upper 
Basalt. 

An excellent discussion of the problem in the light of recent 
studies of tropical weathering was given by the late Prof. G. A. J. 
Cole, in an appendix to the memoir quoted above, and the previous 
literature dealing with the clays being therein summarized need 
not be detailed here. Asa solid contribution to our knowledge of 
the subject, however, mention should be made of Swanston’s 
discovery of plant-remains in clay-ironstone nodules on the shores 
of Sandy Bay. These were investigated by Mr. J. Starkie 
Gardner, who describes them as 
‘most diversified, though usually small-leaved dicotyledons, which at first 
sight seem of very modern aspect. On closer examination, however, many 
are found to be characteristic of the English Middle Hocene, and others of 
the Lower Eocene. Others are common to Ballypalady, to Mull, and to 
Greenland’ (Q. J. G.S. vol. xli, 1885, p. 91). 


Cole, however, pointed out that there was no certainty that the 
nodules had been derived from the Lough Neagh Clays, and. that 
they may possibly have come from the Interbasaltic Zone. With 
respect to the age and origin of the clays he came to no definite 
conclusion, but was inclined to regard them as post-basaltic in age 
and derived (as suggested by Seymour) from the destruction of 
the Interbasaltic lithomarges. The evidence now available from 
the Lough Neagh boring indicates that, while the clays have 
apparently been derived from the destruction of a zone of 
lithomargic weathering, this zone was of post-Basaltic age and 
derived in part from the destruction of the Upper Basalt Lavas. 
A new chapter, beginning with the cessation of voleanic activity, 
and ending in the episode of folding which initiated the first 
Lough Neagh, is thus intercalated in the Tertiary history of 


Northern Ireland. 


The accuracy of the stratigraphical details given in this paper 
owe a great deal to the skill and experience of Mr. Ernest Williams, 
the engineer in charge of the boring at Washing Bay. Mr. E. 
B. Bailey, of the Geological Survey of Scotland, has read the 
manuscript, and has made some valuable criticisms. it 
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Fig. 1.—Section of the Washing Bay borehole, on the scale of 
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Il. Srravrgrapnry. 


The site selected for the Lough Neagh Boring on the shore of 
Washing Bay (County Tyrone) was deliberately chosen, because it 
lay not far from what appeared to be the deepest part of the basin, 
and on this account was more likely to yield a successful result. 
The possibility of excessive depth was hardly considered, as the 
surrounding country gave no indication that it would be an 
important factor in the case. That the question of depth is a very 
serious one is, however, now shown by the fact that, when 
abandoned at close on 2000 feet, the bore had not yet penetrated 
the whole of the lavas. 

The strata proved in the boring fall easily into the following 
subdivisions :— 


Thickness. Depth. 

Recent Sands of Lough Neagh............ 20' — 

Glacial Meposiicumer ee meena ct seen: 28' 48' 
re mf Upper Claysiand Sands) t...1..4.... sae. 833' 881’ 
Bho) ay Wddle shales tay. sates eee eek Seles 127! 7" 1008’ 7" 
44 uw | Lower Clays and Sands .................5 Ueto 1196’ 
B.S .. ( Postbasaltic Zone of Weathering ....., gay 1267’ 
@ 8 © } Upper Basalt Lavas .............0..210.eee 378 bu 1640’ 6” 
= 8 ) Interbasaltic Zone of Weathering ...... 89' 8" 1730’ 2" 
Ei (Lower Basalt Lavas......0cccc cscs 239! 2" 1969! 4” 


Recent and Glacial. 


Little information was obtained from the bore concerning either 
the recent sands or the glacial deposits. The 20 feet of brownish 
sand recorded at the top may be all postglacial shore sand; but, on 
the other hand, the lower portion of it may be glacial or fluvio- 
glacial. The 64 feet of bedded clay with its base at 264 feet is 
probably a glacial laminated clay. It is somewhat micaceous, and 
apparently quite unfossiliferous. The boulder-clay presents no 
points of special interest: it is the ordinary boulder-clay of the 
district, with quartzite and diorite from the Slieve Gallion region. 
Its base rested upon Lough Neagh Clays at a depth of 48 feet 
from the surface. : 


Lough Neagh Series. 


The Lough Neagh Series, where penetrated in the Washing Bay 
bore, had the somewhat surprising thickness of 1148 feet. It 
consisted largely of blue, grey, and white clays with sand-beds, 
lignite, and a few bands of carbonate of iron, very similar to that 
hitherto observed at the surface. The bore, however, revealed the 
occurrence, in the middle of the series, of a thickness of about 
128 feet of a completely different type of sediment. These beds 
are perhaps best described as brown shaly clays approaching the 
character of oil-shales. They contain in places a considerable 
amount of bituminous matter, which can be observed by distillation 
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in a closed tube. Well-preserved fossil plants, as also shells of 
Paludina (Vivipara) and Unio, were alundant on certain horizons, 
and bands of carbonate of iron occurred at frequent intervals. 
Such variation in character affords sufficient justification for the 
tripartite subdivision shown above. 

The Upper and Lower Clays and Sands can hardly be described 
as unfossiliferous, but few identifiable fossils have been found in 
them. Plant-remains are abundant, and twigs and obscure leaves 
can be made out; but the tissue is highly carbonized, and nearly 
all characteristic features are destroyed. ‘The state of preservation 
in the Middle Shales is in striking contrast to this. Leaves 
exhibit the most delicate venation, and Prof. T. Johnson and Miss 
J. Gilmore have been able to obtain from them preparations of the 
epidermis showing perfectly the cellular structure with stomata 
and glands. 

At the junction of the Middle Shales with the Lower Clays, 
between the depths of 9993 feet and 1025 feet 8 inches, there were 
some thick bands of lignite and lignitic clay showing the section 
exhibited in the appended diagram (fig. 2). 


Fig. 2.—Section of the main lignite in the Washing Bay bore, 
on the scale of 20 feet to the inch. 
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It is of interest to note that the upper beds of the lignite lie in 
the Middle Shales, while the lower beds are in the Lower Clays, 
and that the character of the lignite is essentially different in the 
two series. That in the brown shales is brown and waxy, while 
that in the clays is black, brittle, and carbonized. The brown 
lignite between 1000 and 1005 feet has also a lower specific 
gravity, a much lower ash-content, and a somewhat higher yield of 
volatile matter than any of the beds beneath. It is capped by 
about 6 inches of very hard lignite impregnated with carbonate of 
iron. 

The Upper Clays and Sands consist of 833 feet of alternating 
sand and clay, the clay being the predominant element. The 
thickest bed of sand bas its top 7 feet below the base of the drift, 
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and has a depth of about 85 feet. From this downwards the sand 
and clay occur in frequent alternations, the clays having generally a 
bluish-grey colour turning to various shades of pale and deep yellow 
or greenish-yellow when dry, owing doubtless to ferruginous 
impurities. In places this iron stain is absent, and the clay dries 
to a greyish white, showing that the iron content of the stained 
beds is probably original. Below a depth of 350 feet the iron 
content is not so marked. The presence of carbonaceous matter, 
when intimately admixed with the clays, imparts to them tints 
varying from pink to purple. There is only one well-defined bed 
of lignite in the upper part of the series. It is 2 inches thick, 
and occurs at a depth of about 196 feet. From this depth down 
to 670 feet there is a complete absence of lignite, except as 
fragments embedded in the clay. 

The clays also vary indefinitely in grade, and in many instances 
contain a distinct sandy element, the sand being relatively coarse 
in comparison with the clay matrix. When the sand becomes very 
abundant the admixture approaches the condition of moulding- 
sand, there being evidently a great distinction between the two 
grades of which the material is composed. 

The series as a whole is almost entirely devoid of bedding on a 
small scale, but certain exceptions to this should be noted. Lami- 
nated beds occur at depths of 216, 242, and 258 feet respectively, 
and clays with carbonaceous lamine occur at 298 feet. Three very 
remarkable instances of banded clay oceur between the depths of 
315 and 350 feet. The uppermost of these three, at a depth of 
3154 feet, shows a banded belt with three alternations in colour, 
the bands, numbering six in all, being from half an inch to 1 inch 
thick. The next instance, at a depth of 338 feet, embraces 15 inches 
of banded elay containing eight alternations or sixteen bands; the 
dark bands are from a quarter of an inch to half an inch thick 
and 1 to 4 inches apart. Some of the wider bands are slightly 
sandy. The third instance, at a depth of 3473 feet, is very similar 
to the second, and contains the same number of bands. There is 
also some banded clay at a depth of 490 feet, showing in all about 
four alternations, 1 inch being dark and 2 inches light in colour ; 
and a stiff brown clay at 697 feet shows laminations at the base, 
brown lamin a quarter of an inch thick alternating with grey 
laminze 14 inches thick. 

An interesting bed, 18 inches thick, occurs at a depth of 
3252 feet. It consists of coarse clayey sand of a bluish colour 
when fresh, but weathering yellow. The late Prof. G. A. J. Cole 
made an examination of the minerals contained in this sand, and 
found that they include greenish mica, coarse angular quartz- 
grains, a little milky vein-quartz, fresh cleaved felspar, numerous 
rounded grains of glauconite, and a little zircon. There appears 
to be also present a considerable quantity of decomposed felspar 
passing into kaolin. ; 

The clays, from 535 feet down to the base of the upper series at 
881 feet, are predominantly much whiter than those above. White 
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élays with a peculiar primrose-coloured flecking occur at 6843, at 
703, and at 814 feet respectively. Sands are not so abundant as in 
the beds above. Beds of lignite are, on the other hand, much more 
frequent. There are in all eight well-defined lignitic bands, as 
well as a good many carbonaceous clay-bands, in a total thickness 
of 210 feet between the depths of 670 and 880 feet. These vary 
in thickness from a few inches to a foot. At 712 feet a lignitic 
clay contained twigs, and in a similar clay at 769 feet are frag- 
mentary leaves and stems. 

The first well-preserved plants, however, occur in the Middle 
Shales, which lie beneath a sand-bed whence artesian water was 
obtained at a depth of 881 feet. Here a complete change in the 
type of sedimentation sets in. The clays down to this point are 
white and grey, and entirely devoid of any structure that would 
entitle them to be called shales. Below this depth, down to a 
depth of 1008 feet 7 inches, they are brown and of a distinctly 
shaly nature. When the cores were drawn they were of a deep 
brown colour, in some instances almost black, but they dried out 
to a distinctly lighter shade. Some beds, especially those of a 
deeper tint, yield a certain amount of oil in the closed tube; but 
none of them seem to be sufticiently rich to be of any economic 
importance. Bands of carbonate of iron occur at frequent in- 
tervals, some of them being extremely hard and others showing 
only a mere impregnation of the clay. Plant-remains, wherever 
they occur, are beautifully preserved, but are more abundant at 
certain levels. Remains of Paludina, both shells and opercula, 
were found at many horizons, and a shell resembling Unzo at one 
horizon. Plant-remains occurred at 898, 901 to 904, 906, 909, 
and 980-931 feet respectively. Paludina and Unio occurred 
at 898 to 899 feet; Paludina alone at 901 to 902 feet, 905 feet, 
907 feet, 913-914 feet, 928-929 feet, and 989 feet. These 
fossils have all been found in the shales, none having up to the 
present been discovered in any of the ironstone bands. 

At a depth of 998; feet the bore entered a 9-inch bed of 
brownish-black lignite, of waxy appearance. Beneath this came 
6 inches of shale, and then lignite once more for a depth of 54 feet 
to 1005 feet. This lignite was firm, brown, and waxy, like that 
in the bed above, and had its upper 6 inches impregnated with 
carbonate of iron, the woody fracture being perfectly preserved. 
Beneath the lignite there was a thickness of brown waxy clay with 
lignitic bands to a depth of 1008 feet 7 inches. The next item 
was 2 feet 11 inches of lignite, but of so completely different a 
character that the base of the middle series of brown shales must 
be drawn at this point. Above this level the lignite clearly 
partakes of the nature of the brown shales with which it is 
associated, but from here downwards it is black, brittle, laminated, 
and highly carbonized, resembling the lignitie bands of the Upper 
Series of clays and sands. 


The lignite, 2 feet 11 inches thick, which forms the upper 
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member of the Lower Clays and Sands, gives place at a depth, 
of 10113 feet to lignitic clay, with bands of lignite, extending to 
a depth of 1022 feet. The core from this bed was much broken, 
some 5 feet in the centre being almost reduced to powder. Samples 
tested seem to indicate that the lignite is extremely impure and 
clayey. Beneath it are alternating bands of carbonaceous clay and 
lignite to a depth of 10271 feet, the carbonaceous clay being similar 
to that found in the Upper Clays. From this down to the base of 
the series at a depth of 1196 feet grey and white clays alternate 
with beds of sand, and lignites oceur at frequent intervals. Most 
of these lignites are only a few inches thick, but a bed 2 feet 8 inches 
thick oceurs at 1120 feet, and another, 2 feet thick, of impure 
clayey lignite at 1139 feet 8 inches. A 4-inch band of carbonate 
of iron oecurs ata depth of 1052 feet 10 inches, and there are 
some brownish-grey clays with plant-remains at 11424 feet. The 
base of the series is formed by 28 feet of fine grey sand, beneath 
which is a 2-inch band of carbonate of iron, of a bluish mottled 
colour and havirg cavities filled with siderite. This rests upon 
lithomarge, and marks the base of the Lough Neagh Series at a 


depth of 1196 feet. 


Beds helow the Lough Neagh Series. 


The beds below this only concern us in so far as they afford 
evidence bearing on the problem of the age and origin of the clays. 
They consist of the series known in Antrim as the Upper and 
Lower Basalt Lavas, and the intervening Interbasaltic 
Zone, the last-mentioned being a belt of lateritic and lhthomargic 
weathering of amazing depth. To these well-established members 
of the Antrim succession the evidence of the bore now adds a 
fourth, which it is proposed to call the Postbasaltic Zone of 
Weathering. This is 71 feet deep, and is composed in the 
main of grey and red lithomarge. It clearly représents a period 
of decomposition and weathering of considerable duration subse- 
quent to the last local outpourings of the Upper Basalt Lavas, 
and before the deposition of the Lough Neagh Clays. The upper 
5 feet of the lithomarge dries out white, finely mottled with grey, 
and contains a few rudely pisolitic and slightly ferruginous pellets. 
The white matrix looks more like kaolin than bauxite. Below 
this is ordinary red and grey lithomarge. 


The Upper Basalt Lavas, the decomposition of the upper 
members of which produced the Postbasaltic Lithomarge, extend 
for 444 feet below the base of the Lough Neagh Beds to a depth 
of 16404 feet. The whole series differs rather remarkably from 
that seen in the north and east of Antrim. The lava-beds are 
not as massive, and they have suffered considerably more decom- 
position of a lithomargic type. There are altogether between 
twenty-one and twenty-three flows which have not been destroyed 
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completely by subsequent weathering, and fourteen proved weather- 
ing zones in addition to that at the top. These zones vary from a 
few inches up to 27 feet 5 inches in thickness. Two of them, 
including that just mentioned, exceed 20 feet, and two more 
exceed 10 feet in thickness. There is thus no question that these 
Upper Basalt Lavas of the Lough Neagh Basin show a degree of 
weathering far in excess of that shown by the same series of flows 
in other parts of the plateau. Weathering zones, 20, 10, or even 
5 feet thick, could not fail to be detected if they occurred between 
these lavas, where they occupy the tops of the hills in Eastern 
Antrim, much less so where they form the cliffs on the northern 
coast. Some conditions must, therefore, have existed in the 
basin, which led either to an accelerated or to a more prolonged 
weathering. 


The most important of all the zones of weathering encountered 
in the bore was that between the depths of 16404 feet and 
1730 feet 2 inches. Its thickness of nearly 90 feet, and the fact 
that it lies between two thick series of basaltic lavas, makes it 
highly probable that it represents the Interbasaltie Horizon 
of Antrim. There is, however, very strong confirmatory evidence, 
in the shape of bauxite with idiomorphie and sometimes bipyra- 
midal quartz, passing down into decomposed rhyolite, between 
the depths of 1667 feet and 1675} feet. The rhyolite contains 
quartz- and felspar-phenocrysts, the latter highly decomposed, and 
exhibits at its base a well-marked flow-structure. The relations 
appear to be very similar to those at Glenarm and Straid!; but no 
rhyolitic conglomerate was encountered in the bore. 

Very little core was recovered from the upper part of the zone; 
such material, however, as was brought up seemed to indicate that 
it consists largely of bauxitie substances with the above-mentioned 
zone of decomposed rhyolite, and but little lithomarge, to a depth 
of nearly 1680 feet. From this to the base was entirely litho- 
marge of varying tints of grey, red, and purple. The red coloration 
is largely that of hematite, but certain horizons show a limonitie 
yellowish-red staining. 


The Lower Basalt Lavas were penetrated to a depth of 
240 teet below the base of the Interbasaltie Zone. ‘'l'welve flows 
in all were pierced, and there were nine weathering zones, two of 
which exceeded 10 feet in thickness. There appeared to be no 
bauxitic material present in any of the zones, which were all 
composed of rich red lithomarge. Weathering in these lower 
lavas appears also to have been more intense than in other parts 
of the plateau, but they do not, so far as they have been proved, 
seem to have suffered to the same extent as the upper series. 


1 See ‘The Interbasaltic Rocks of North-East Ireland’ Mem. Geol. Surv. 
Treland, 1912. 
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III. Fosstz Pranrs anp Mornusca. 


The Washing Bay boring has yielded the first identifiable 
plant-remains referable with certainty to the Lough Neagh Series. 
These have been studied with the most minute care “by Prof. 
T. Johnson and Miss J. Gilmore.! Microscopical preparations of 
the tissues have been made, and comparisons instituted with all 
available recent and fossil material, so that the determinations 
may be regarded as the high-water mark of what is attainable in 
that very ‘difficult subject the paleobotany of the Tertiary Era. 
The floral list published up to the present is, however, a small one. 
The presence of Sequoia couttsie Heer, and of three new species 
ES Dewalquea 8S. & M., D. hibernica, D. fraxinifolia, and 

D. denticulata, is considered as established. WS. cowtts?e@ is known 
also from Bovey Tracey in Devon, from the Interbasaltie Beds at 
Ballypalady in Antrim, and from Disko in Greenland. A number 
of species of Dewalquea have been described as occurring in the 
Upper Cretaceous from Alabama to Greenland, and in deposits of 
the same age in Westphalia and Bohemia, in the Lower Eocene 
of Gelinden in Belgium, and in the Lower Oligocene of Italy. 

The wood found at various horizons, including that forming the 
main lignite horizon, is referred by Prof. Johnson & Miss Gilmore 
to Gothan’s composite genus Taxodioxylon, formerly embraced 
by Geeppert in his Cupressinoxylon type. By a process of 
exclusion of the other families included in this genus, they conclude 
that the wood is that of a Segwoza, probably S. couttste Heer, the 
leaves, cones, and twigs of which are associated with it. 

It is clear from the smallness of this flora, the fact that three 
of the species determined are new, and the generally unsatisfactory 
state of the subject, that no confident conclusion can be drawn in 
regard to the exact dating of the beds. The authors cited are, 
however, of the opinion that the presence of WS. couttsia, identical 
in every detail with that described by Heer from Bovey Tracey, 
indicates an Upper Oligocene age for the Lough Neagh Beds, a con- 
clusion which is quite in accordance with the known geological facts. 
They also call attention to a very striking circumstance regarding 
the dominant type of foliage found in both these localities. It 
appears that the living species of Segwova are dimorphous as regards 
their foliage, the leaves being in part squamiform and adpressed, 
and in part subulate and spreading. Mr. J. Starkie Gardner * has 
made the interesting observation that when S. sempervirens. trom 
the mountains of Senate 2 is introduced into a warmer climate, 
such as that of Madeira, it develops more of the squamiform 
adpressed type of foliage, which, therefore, appears to be an 


1 «The Oceurrence of Sequoia at Washing Bay’ Sci. Proc. R. Dublin Soc. 
n.s. vol. xvi (1921) p. 345; ‘The Occurrence of Dewalqwea in the Coal-Bore 
at Washing Bay’ ibid. p. 393; and ‘The Lignite of Washing Bay (Co. 
Tyrone) ’ ibid. vol. xvii, p. 59. 

2 ¢ British Eocene Flora’ vol. ii (1883) p. 35. 
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adaptation to heat, serving in all probability the purpose of 
checking transpiration. As this is the dominant form in the 
specimens from the Lough Neagh Beds and from Bovey Tracey, 
we obtain, therefore, a detinite indication of the climatic conditions 
during the deposition of the series, as well as an assurance that 
these conditions were much the same in the two localities cited. 


The Paludina and Unio remains were submitted to Mr. A. W. 
Stelfox, who in turn forwarded them to Mr. R. Bullen Newton, 
LS.0., F.G.8. In his reply, Mr. Newton says :— 


‘The specimens are too compressed and almost inadequate for serious 
determination. The Viviparus remains appear to be related to Paludina 
lenta, var. B, described and figured by John’ Morris (Q. J. G. 8. vol. x, 1854, 
pl. ii, fig. 23 & p. 160), from the Lower Eocene (Woolwich and Reading Beds), 
of New Cross (found also at Peckham, etc.), a form said to possess (1) a 
somewhat ovate aperture ; (2) five or six rounded volutions with an obtuse 
apex; (3) a conical shape; and (4) a smooth surface—a shell now regarded 
by M. Cossmann as referable to Paludina swessoniensis, of Deshayes, from the 
Thanetian (= Lower Kocene) of France, and which had previously been 
named by A. @Orbigny Paludina sublenta (‘Prodréme de Paléontologie ’ 
vol. 1; 185054299): 

‘The Lough Neagh examples show no exposed apertures, while the general 
contour is relatively wider, and, therefore, more broadly conical than that 
figured by Morris. Among your specimens is an operculum of Viviparus. 

‘The Unioniform remains appear to be related to a Lower Eocene (Woolwich 
and Reading Beds) form figured by 8. V. Wood (‘Monograph of the Hocene 
Bivalves of England’ Pal. Soc. 1877, vol. i & Suppl. pl. A. fig. 6, p. 1) as 
Unio michaudi (?), of Deshayes, which in my opinion is a wrong determina- 
tion, the English shell being a long way removed from the true U. michaudt 
(see Deshayes, ‘ Description des Animaux sans Vertébres’ vol. i, 1860, p. 802, 
and pl. xii, figs. 1-5). Iam, however, without any French or Hnglish shells 
for comparison, and can only speak from the published figures. 

‘The plant-remains are too imperfect for determination. A few years ago 
I determined some leaves and an aperture of a possible Viviparus sent to 
me by Grenville Cole from the ferruginous deposits of Lough Neagh, which 
have been mentioned by Cole in his memoir on ‘The Interbasaltic Rocks 
of North-East Ireland’ (Mem. Geol. Surv. Ireland, 1912, p. 124). I have 
preserved photographs of those specimens. I think that your specimens and 
those of Grenville Cole belong to the oldest Eocene, and may even be Upper- 
most Cretaceous, and, if the latter, they are comparable with certain lacus- 
trine or fluviatile remains found in the Intertrappean Beds of the Deccan 
Trap Series of India, as also-with similar deposits of South Africa, to both of 
which I have recently referred in Ann. & Mag. Nat. Hist. ser. 9, vol. v (1920) 
pp. 241-49. The imperfection of your specimens, however, will not allow me 
to be more definite upon the subject.’ 


The apparent discrepancy between the age thus indicated by 
the plants and that indicated by the animals need not cause us 
any concern. Neither the state of preservation of the fossils, nor 
our knowledge of related forms, is such as to warrant any great 
precision. The important point is that both lines of evidence 
agree with that of the stratigraphy and tectonics of the area in 
pushing back the age of the Lough Neagh Clays to the Early 
Tertiary, if not even farther. These beds are certainly not 
Pliocene. 
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IV. THe AGE or tur Lovcu Neacu Serres. 


We have just seen that there is very good paleontological 
evidence for regarding the Lough Neagh Beds as of early Tertiary 
age rather than Pliocene, althoug h there still remains considerable 
doubt as to whether they are Miocene, Oligocene, Eocene, or even 
late Cretaceous. It now remains to be considered whether any 
other evidence can be brought forward to confirm this conclusion 
or to narrow down in any way the rather wide limits assigned. 

An indication of the early Miocene or pre-Miocene age of the 
series is involved in their apparent relation to the earth-movements 
which attect the lavas, and can hardly be presumed to be any later 
than Miocene. The depth of the Lough Neagh Beds at Washing 
Bay proves their dip inwards towards the central axis of the Bann 
Syneline! to be quite as great as that of the lavas. The Lough 
Neagh Series is apparently folded with, and probably to nearly the 
same extent as, the upper portions of the lava series. It has pro- 
bably also been affected by the same faulting as that to which the 
lavas have been subjected. The lignite which occurs at 1000 feet 
in the Washing Bay bore is almost certainly the same as that 
which crops out at Killycolpy some miles away to the north. This 
difference in level might, of course, be caused by an unknown dip 
of 5° between the localities ; but such a high dip has never been 
proved in the series, and it would need to be very much higher if 
the strike is presumed to follow the margin of the clays. It is 
much more likely that the displacement is due to the throw of the 
Coalisland-Templepatrick Fault, which is now supposed to take a 
course along the northern shores of Washing Bay and Lennymore 
Bay, and to displace the Lough Neagh Beds as shown in the 
map (fig. 8, p. 480). The ground on both sides of the Lough has 
been examined, and there is no surface-evidence conflicting with 
such an interpretation. Moreover, some explanation was badly 
needed of the much greater spread of the clays south of this line. 
Indeed, had Hardman not been obsessed by the idea that the clays. 
were deposited in a former extension of the present lake, and there- 
fore probably Pliocene, he could hardly have inissed the obvious 
inference that this powerful fault, which is visible on both sides of 
the lake, was responsible for the incoming of a greater area, and 
presumably also of a greater thickness, of the Lough Neagh Beds. 
south of it. 

We see thus that the geological conditions under which the 
deposits occur put a fairly definite later limit to the age of the 
series. Jt remains to be considered if in any way an earlier limit 
can also be indicated. A deduction recently put forward by 
Mr. E. B. Bailey? regarding the climatic conditions of the Late 
Cretaceous has a distinct bearing on the problem. Mr. Bailey 


1 See W. B. Wright: ‘An Analysis of the Palaeozoic Floor of North-East 
Treland’ Sci. Proc. R. Dublin Soe. n. s. vol. xv (1919) p. 629. 
2 ©The Desert Shores of the Chalk Sea’ Geol. Mag. vol. Ixi (1924) p, 102. 
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having discovered, between the basalt-lavas and the Senonian beds 
of Mull, off the western coast of Scotland, considerable deposits of 
millet-seed sand accompanied by silicification of desert type, and 
finding on inquiry that millet-seed sand was a common residue of 
the otherwise remarkably pure Chalk, drew the conclusion that a 
desert climate characterized Northern Europe dnring the Late 


Fig. 38.—Sketch-map showing the probable relation of the Lough 
Neagh Beds to the Coalisland—Templepatrick Fault, and 
other faults on the north. 
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[The Lough Neagh Beds are dotted. Scale: 1 inch=8 miles. ] 
For ‘ Toone’, read ‘ Toome.’ 


Cretaceous Period, and that the possession of desert shores was 
the long-sought cause of the clearness of the Chalk sea. 

Now, this appears to be perfectly sound reasoning. Desert is 
proved to have existed in the West of Scotland at this period by 
the occurrence of two distinct types of desert phenomena. One 
ot these, the millet-seed sand-grain, is preserved in the Chalk over 
a widearea. The climatic conditions were, therefore, fairly general 
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so far as Northern Europe was concerned, and these conditions 
supply an explanation of the absence of river-borne sediment in the 
sea. It is going but a step farther to say that, so long as chalk 
was deposited, the climate must have been more or less desert, or 
in other words, desert conditions probably persisted to the top of 
the Danian, takiug this latter term in the sense in which it is 
understood in the type area of Denmark, but perhaps not including 
the French and Belgian formations (Montian and Maestrichtian) 
which are paralleled with it. This line of reasoning, therefore, 
indicates that the plant-beds of the British volcanic province are 
younger than the Danian of Denmark. There is, on the other 
hand, no clue to their relation to the Montian and Maestrichtian, 
which are unconformable to the Chalk below, and have a fauna of 
a transitional character. 


V. ORIGIN OF THE CLAYS AND SANDS. 


The character of the Lough Neagh Beds raises some interesting 
problems, which, however, cannot all be solved in the present state 
of our knowledge. The main type of sediment is a grey or white 
clay of varying degrees of fineness and only showing traces of 
bedding at rare intervals. The principal ingredient is probably 
kaolin, and the presence in some of the clays of white flecks 
resembling kaolinized felspars confirms this view. No calcareous 
beds were found, the only carbonate noted being siderite, which 
was quite subordinate in quantity and confined to certain thin beds. 
As has been pointed out in the introduction, the difficulty attend- 
ing the derivation of such a clay from the denudation of a terrain 
largely basaltic is at first sight very considerable, but it diminishes 
in the light of the information derived from the Washing Bay 
borehole. The source of the clay was not the unaltered basalt 
itself, but the 70 feet or so of soft lithomarge with which it 
was capped at the beginning of the Miocene movements that 
deformed the lava plateau and initiated denudation. With such a 
depth of weathered subsoil spread extensively over the catch- 
ment-area of the rivers tributary to the lake, an enormous amount 
ot loose and easily movable material was available, so that we may 
well cease to wonder at the thickness of the series. 

That kaolin is one of the principal constituents of lithomarge 
can readily be seen by examining a series of thin sections of this 
material, which will be found to consist of an opaque ‘fuzzy’ mass 
of finely divided iron-oxides with translucent patches and veins, 
as a rule finely crystalline and granular, but often showing the 
vermiform platy arrangement characteristic of kaolin. A second 
translucent mineral of distinctly lower birefringence is sometimes 
present, and may represent the essential constituent of bauxite. 

Lithomarge is, therefore, a potential source of the kaolin of the 
Lough Neagh Clays. But there is still another character of these 
clays which points even more clearly to their origin. This is the 
remarkable concentration of titanium which they exhibit, as is 
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shown by the following analysis! of a clay from the depth of 
1100 feet in the Washing Bay bore :— 


Per cent. 

Wateratial OOC'O te peecsicumetee ruler mere 1:80 
ISOS OMMUC TUbLO Dame ame tie eee neta reererrer 8°70 
SULIGal deena vache lenicnle era bansedes suaerdaene pas 54°10 
OW ivisenucl: appear ty Sen ONG che narennercencannbe 12°30 
IReTaCMORSLE EW sugee ou tchaobowecsnedateteeeoocodcas OO 
A Miienanyibart GuKonaK6l) .Asaccaerancrededticareatcosscces JORaKD 
Mang ameseom detmane shee carne tia eerte eee 0°25 
Calciumoxide tras ties tee Oe ee Oo 
Maonesia. Jiy...ccstearvaheetee one cere as 0:83 
Potashandisodase tee ee eee ee eee 3°33 

Total ticncanecs 100°75 


Now, the concentration of titanium dioxide is a characteristic of 
lateritic weathering, as may readily be verified by reference to the 
series of analyses of materials from the Interbasaltic Zone of 
Antrim given by G. A. J. Cole & W. D. Haigh in the Survey 
Memoir on the Interbasaltie Rocks of North-East Ireland. It is 
to be regretted that only a single analysis of the Lough Neagh 
Clays is available for comparison; but, even alone, it gives con- 
siderable support to the idea that this clay has been derived from 
the denudation of a lithomargic terrain. We may, I think, with 
fair confidence regard the 70 feet of lithomarge at the base of the 
Lough Neagh Clays as the key to the great thickness of this 
formation. 

The explanation of the comparative freedom from iron is not so 
simple. It is to be noted that there is no hematite-band at the 
top of the lithomarge of the Postbasaltic weathering zone at 
Washing Bay. If it were formed there we might have expected 
it to be preserved beneath the sediments, and it could not have 
been entirely missed in the boring. Its absence removes one 
possible source of iron in the clays; but, on the other hand, it 
calls for explanation. One can only suggest that there may be 
certain conditions of lateritic weathering, in which the iron, 
although abstracted by the vadose waters from a considerable 
thickness of rock, is never concentrated into a pan, but carried off 
into the drainage-water by seepages from the surface. 

The Postbasaltic lithomarge itself, however, contains a large 
amount of disseminated iron, so that, if the relatively iron-free 
lake-clays are derived from it, some mechanism must be imagined 
by which the kaolin is concentrated in the lake and the iron-oxide 
removed. The explanation is probably to be found in the different 
state of division of the iron-oxide and kaolin in the lithomarge, 
the former being colloidal and the latter, as can be seen by 
examining a thin slice, largely crystalline. One may conceive of 
the larger kaolin-crystals being precipitated in the lake while the 


1 Analysis made for the Geological Survey of Ireland by Mr. George 
Brownlee, of the Irish Department of Agriculture. 
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far more finely divided iron-oxide remains in suspension, and is 
carried off through the outlet. The presence of an acid radicle, 
such as an excess of dissolved carbonie acid, in the waters of the 
lake might modify these relations, coagulating the colloidal iron 
and bringing it down at intervals to form the ironstone-bands 
found on certain horizons. 

Colloidal alumina, if it existed in any quantity in the Post- 
basaltic Zone of weathering, would be similarly held in suspension, 
and possibly similarly precipitated in the presence of an electrolyte. 
It is to be regretted that the physical processes involved are so 
little understood that no safe conclusions can be drawn. 

The presence in the Lough Neagh Series of great thicknesses of 
sand, predominantly composed of quartz, calls for explanation. 
There is an aggregate thickness of 285 feet of sand, of which 
85 feet is in one bed near the top. There is also a large amount 
of sand disseminated in the clays. This sand is clearly not derived 
from the denudation of the rotted lavas, which cannot be supposed 
to have supplied quartz even in the smallest quantities. Its 
presence in such abundance demonstrates that the catchment-area 
of the tributary rivers extended beyond the basalt on to some type 
of siliceous rock. The schist-hills west of Slieve Gallion, the 
Trias, Old Red Standstone, and Millstone Grit of the Trough 
Valley, the Silurian strata on the south, and even the Newry 
Granite, may all have contributed to the formation of these sand- 
beds. Moreover, in the Postbasaltie Period, they doubtless suffered, 
equally with the basalt, the deep-seated lateritic weathering, the 
record of which is preserved beneath the lake-sediments. These 
rocks would give rise under such conditions to kaolin-sands like 
those of Cornwall, as easily denuded as the basaltic lithomarge 
itself, but unlike it in providing, as well as kaolin, an abundant 
supply of quartz-sand. 

The Middle Shales form an interesting, but as yet unsolved 
problem. There can be no doubt that they mark some conditions 
of climate or deposition essentially different from those which 
characterized the beds above or below them. It is very difficult, 
however, to form any idea of what these conditions were. The 
essential difference from the ordinary clays of the series above and 
below appears to be the presence of a small proportion of hydro- 
carbons, which can be distilled off in the closed tube as oil. ‘The 
presence of this material is in some instances barely discernible, 
but in others it is quite marked. These shales extend in the bore 
from 881 feet to 1008 feet 7 inches, a thickness of 127 feet 
7 inches. They begin and end with equal sharpness, and are not 
interbedded with the white clays; but they embrace in their lower 
portion the upper 5-foot bed of the lignite formation, which 
partakes of their waxy bituminous character. These are the 
‘fossiliferous’ beds of the series, but plant-remains are not more 
abundant in them than in the white clays; they are merely better 
preserved. Paludina and Unio are confined to the Middle Shales, 
the former being found throughout them. 


Q. J.G.S8. No. 320. Dip 
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VI. SUMMARY OF CONCLUSIONS. 


Passing in review the results obtained from a study of the 
Washing Bay borehole, and qualifying our conclusions according 
to the amount of reliance to be placed on them, we arrive at the 
following summing up. 

In the first place, it is now demonstrated that the Upper Basalts 
and the underlying Interbasaltic Zone are preserved in one locality 
at least beneath the Lough Neagh Beds. Whether they are so 
preserved over the main part of the area occupied by the clays is 
a matter for conjecture, and the question can probably only be 
settled by further boring. If the assumption, that the clays have 
been subjected in the main to the same folding and faulting as 
the lava series below, be correct, then it follows that the Upper 
Basalts and Interbasaltic Beds should crop out round the margin 
of the area covered by the clays. This outcrop has never been 
located, but it would lie in low ground thickly covered with drift. 
In view of the valuable deposits of iron-ore and bauxite elsewhere 
associated with the Interbasaltic Zone, its location might prove to 
be of great economie importance. 

That there are dangers attendant on the assumption made is not 
denied, but it is difficult to find opportunity for the removal by 
denudation of the whole thickness of the Upper Basalts, either 
during the formation of the Postbasaltic lithomarge or during 
the subsequent deposition of the clays. The destruction of this 
generally massive series of lavas over the greater part of Antrim 
is more likely the result of the extensive denudation which 
followed upon the Miocene diastrophism, and resulted in the deep 
dissection of the basalt plateaux. 

It may be regarded as a well established fact that the lavas 
beneath Lough Neagh, both Upper and Lower, have been much 
more deeply affected by lithomargic weathering than those of the 
higher portions of the Antrim plateau. This is true of the sub- 
sidiary as well as of the main zones of weathering. It is here 
tentatively suggested that this may have been due to a relatively 
low-lying swampy condition of the surface produced by gentle 
downwarping along the line of the Bann Syncline, continuous 
with the more pronounced folding along that line ata later date. 
Possibly, the absence of pisolitic iron-ore at the top of the main 
zones of weathering, which may be regarded as proved by the 
boring operations in the case of the Postbasaltic Zone and 
indicated with considerable probability in that of the Interbasaltie 
Zone, may be a connected phenomenon, the presence of swamp 
waters preventing the formation of iron-pan. 

The occurrence of rhyolite in the Interbasaltic Zone bencath the 
Lough is a point of some interest, as it extends considerably 
the area affected by these eruptions. If, as has been supposed, the 
more valuable of the bauxite-deposits found at this horizon are 
derived from the decomposition of rhyolite, such deposits may well 
oceupy considerable areas beneath and around the lake. ; 
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The suggestion that the Lough Neagh Clays may be of Inter- 
basaltic age may now be regarded as absolutely disproved. They 
are not only superposed on the Upper Basalt, but separated from 
it by a deep zone of weathering. 

Nevertheless, the discovery in them of Dewalquea and Sequoia 
couttsie connects them with the older Tertiary, so that they are 
certainly not Phlocene. Their apparent relation to the folding 
and faulting points in the same direction. Again, the climatic 
conditions demanded by the flora of the clays and that of the 
Interbasaltic Zone below seem to preclude their reference to 
the Late Cretaceous, for which Mr. E. B. Bailey’s researches 
indicate a desert climate in North-Western Europe. 

Finally, the very considerable thickness of the sediments is 
readily explained by the easily denudable nature of the lithomarge 
below, which must have covered a great part of the catchment- 
basin of the lake in which they were deposited. T’o account for 
the relatively feeble concentration of iron in the sediments a 
selective sedimentation is imagined to have taken place in the lake 
waters, whereby the kaolin was precipitated, and the more finely 
divided iron-oxides were carried off in the drainage-waters. The 
presence of a large proportion of quartzose sand proves that the 
tributary rivers extended far beyond the Basalt Lavas on to quartz- 
bearing rocks, the surface of which had no doubt been rendered 
-equally easy of denudation as a result of the subtropical weathermg 
-ot the period. 


DIScUSSION. 


Major A. R. Dwerrynouse congratulated the Author on the 
‘important addition which he had made to our knowledge of the 
Lough Neagh Clays, and stated that, through the Author’s courtesy, 
he had had an opportunity of visiting the site of the bore at 
Washing Bay and of examining the cores. 

He asked the Author whether the kaolin in the Lough Neagh 
‘Clays was in the same coarsely crystalline condition as that in the 
lithomarge of the Postbasaltic zone of weathering, from which it 
was suggested that the materials of the clays had been derived. 

My. R. B. Newron mentioned that, in 1911, he had examined a 
fragmentary gasteropod associated with dicotyledonous leaves 
(Platanus, etc.) contained in a ferruginous nodule belonging to 
the Interbasaltic beds of North-Eastern Ireland, found by Mr. 
R. Clark at Sands Bay, Lough Neagh, which resembled a form of 
Viviparus (= Paludina) related to V. lentus var. B of John 
Morris, from the British Lower Eocene (Woolwich & Reading 
Beds), which also occurs with similar leaf-impressions.! 

Later on, Mr. Stelfox forwarded to the speaker some further 
molluscan fragments obtained by the present Author from a 


1 See G. A. J. Cole, ‘The Interbasaltie Rocks of North-East Ireland’ 


Mem. Geol. Surv. Ireland, 1912, p. 124. 
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boring in the Lough Neagh Clays; these consisted of a rather: 


ts) Zs 
similar Vévzparus, and an operculum of probably that genus, 
together with some Unioniform remains related to S. V. Wood’s 
Unio michaudi (7) non Deshayes, from the Woolwich & Reading 


Beds. 


These results would tend to support Mr. J. Starkie Gardner's. 


opinion as to the older Eocene age of the Interbasaltic formation 
of North-Eastern Ireland. At the same time, it is suggested that 
the Irish deposits may be analogous to the intertrappean beds of 
the Deccan Trap Series of India and some similarly constituted 
beds of South Africa, which contain a lacustrine or fluviatile 
fauna and flora, and have been regarded as Uppermost Cretaceous. 
The interest of this supposed older age for the Lough Neagh Clays 
is somewhat emphasized by the fact that, among the plant-remains 
found in those beds, the Author has mentioned the occurrence of 
the Cretaceous genus Dewalquea. 

Prof. P. G. H. Boswenn noted with much interest the litho-~ 
logical and other similarities of the deposits to those occupying the. 
basins of Bovey and Petrockstow in Devon, of Aquitanian age. 
The method of dealing with the plant-remains might be applied 
with success to the fragmentary lignitic material in the Petrock- 


stow clays. The paper illustrated one of many instances of’ 


valuable scientific results being the outcome of explorations in, 


connexion with the development of mineral resources, carried out: 
by the late Ministry of Munitions. Geologists might well be: 


grateful, both to the Ministry for the manner in which the work 


was prosecuted, and to the Author for his excellent supervision of: 


the operations and description of the results. 

Mr. H. W. Moncxron remarked that the clays described’ 
reminded him of the Bovey Tracey beds, the age of which had 
also been a matter of much discussion. The record of Dewalquea 
did suggest Cretaceous in the present case; but, if the clays be of 
that age, so must be the underlying voleanic beds, and, from what 


the speaker knew of the volcanic series of Western Scotland, he. 


doubted this result. He wished to join in congratulating the 
Author on a most interesting communication. 

Mr. K. A. Kytenr Hattowes congratulated the Author on his 
paper, and said that it was of great interest in revealing a 
remarkable similarity between the basalts of the Loch Neagh area 
and the Deccan Trap Series of the Hyderabad State (Southern 
India), which he, as a member of the Geological Survey of India, 
had mapped geologically during the field-season 1922-23. The 


Author had remarked that the basalts of his area were either of 
Upper Cretaceous or of Lower Tertiary age, but that, until further: 
evidence was forthcoming, he was unable definitely to say which. 
In the case of the similar basalts of Hyderabad, the intertrappeans, 


which correspond to the Interbasaltic horizons of the Author, 


contain a large number of freshwater Unionide; some of these. 


have been identified by Dr. Pirashad (of the Indian Museum, 
Calcutta). They show that the basalts of Hyderabad are more 
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likely to be of Lower Tertiary than of Upper Cretaceous age, and 
so it may be with the Lough Neagh basalts. In conclusion, he 
asked the Author whether his Interbasaltic horizons are in part 
‘composed of red bole, such as had occasionally been found forming 
the intertrappean horizons of Hyderabad.” 

Sir ARTHUR Surv Woopwarp referred to the interest and com- 
parative precision of the modern methods of studying fossil plants. 
He was glad to inform the Fellows present that Prof. Johnson 
was about to re-examine the Starkie Gardner Collection from the 
Interbasaltic deposits of Antrim, now in the British Museum, with 
all the latest resources of palweobotanical technique. He anticipated 
waluable results from this research. 

Prof. A. Huserr Cox enquired whether the possibility of a 
‘distant source of origin for the sédiments had been considered. 
During early Tertiary time there appears to have been a regional 
tendency towards the production of pale clays, which were found 
at such widely different localities as Lough Neagh, Bovey Tracey, 
and at various levels in the Tertiary of the London Basin. Their 
deposition, therefore, seems to have been quite independent of the 
character of the underlying rocks. The Bovey deposits and some 
-of those in the London Basin have been ascribed to eastward trans- 
port of material from the West of England granites. He asked, 
therefore, whether material from some distant granitic country 
could have contributed to the formation of the Lough Neagh 
clays. 

Prof. H. L. Hawxkiys commented on the absence of evidence as 
to the history of the Lough Neagh Basin between the Lower Ter- 
tiary deposits now described and the formation of the present lake. 

The CuatrMan (Prof. W. W. Warrs) directed attention, to the 
apparent conflict of zoological and botanical evidence. The late 
‘basic eruptions in many countries had been placed originally in the 
Cretaceous Period, but one by one they had proved to be Tertiary, 
cand he was interested to hear that Mr. Hallowes deprecated dog- 
matism with reference to the Deccan Traps. He believed that the 
Antrim lavas had never before been penetrated by the drill, and 
the various stages of weathering were interesting, especially that 
between the upper and the lower basalts, at which horizon there was 
evidence of rhyolites, as at Tardree. The speaker alluded to the 
possibility that the remarkable deposits of lacustrine clays, scattered 
over the country from Lough Neagh to Bovey Tracey and from 
‘the Pennines to Petrockstow, might all be included in the Miocene 
‘Period. 

The AurHor, in reply, made reference to the difficulties, touched 
on by Major Dwerryhouse, which were experienced in putting down 
the bore through the clays and lavas, and said that (as the boring 
‘was never likely to be repeated) he had secured the whole core, 
which was preserved in the cellars of the Geological Survey of 
Treland, and was available for future research. He had not carried 
out any investigation of the grade of kaolin which made up the 
bulk of the clays, but that in the lithomarges was partly of fine 
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grain and partly coarser. None of it, however, seemed to be in 
so finely divided a state as the iron. ; 

In reply to Mr. R. B. Newton, he said that he did not claim to 
have arrived at any such exact determination of the age of the series 
as would enable him to say whether they were to he referred to the 
Late Cretaceous or to the Early Tertiary. The three species of 
Dewalguea found were all new. Mr. Hallowes’s statement that the 
Geological Survey of India was tending to the conclusion that part 
at least of the Deccan Traps were of Early Tertiary age might 
explain the apparent divergence between the views taken by 
Mr. Newton and Prof. Johnson. Bole-beds formed as marked 
a feature of the basalts of Antrim and the West of Scotland 
as they did of the Deccan Traps. j 

The point raised by Prof. Cox regarding the possible derivation 
of the sediments from a distant source was, to a great extent, dealt 
with in the body of the paper. The abundance of quartz-sand 
shows that the tributary streams certainly extended beyond the 
basalt plateau, but the titanium-dioxide content of the clays proves: 
their derivation in the main from the Postbasaltic hthomarge. 
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I. Lyrropuction. 


THE district which forms the subject of this communication is 
situate immediately north of Cardiff. It is bounded on the east 
and west by the Rhymney and Taff Valleys, and on the north by 
the Carboniferous rocks of the South Wales Coalfield. The area 
thus defined is about 16 square miles in extent. 

We began a systematic petrolog ical investigation of the Old Red 
Sandstone of this district in the hope that a more detailed know- 
ledge of the sediments would establish a clearer conception of the 
conditions of deposition, of the probable source of the rocks, and 
of their relation to the underlying and overlying stratigraphical 
divisions. During the course of the work certain fossil localities 
were discovered. These represent the first records of Old Red 
Sandstone fossils within the area defined above. 

The Old Red Sandstone of South Wales, which crops out round 
the greater part of the South Wales Coalfield, is a continuation of 
the Herefordshire outcrop ; but, in the neighbourhood of Cardiff, 
it differs considerably in thickness from many other parts of the 
Old Red Sandstone around the Coalfield Syneline, and more 
especially from that of the North Crop. 

There is a general lithological resemblance between the Old Red 


1 Tn the absence of Mr. Davies on geological work in Persia, the whole of 
this paper has been written by Dr. Heard. 
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Sandstone rocks of the Cardiff district and those of the North 
Crop, although there are certain differences at particular horizons 
(see p. 496). 

Prof. W. J. Sollas! estimated the total thickness of the Old 
Red Sandstone of the Cardiff area to be 4273 feet, making his 
measurements along a line parallel to the Rhymney Railway, from 
the Silurian rocks at Roath Park to the base of the Carboniferous 
Limestone at Cefn On. At a later date, Sir Aubrey Strahan? 
estimated the thickness along this line at 3500 feet, comprising 
2800 feet of Red Marls, 500 feet of Brownstones, and 200 feet of 
quartz-conglomerates and overlying sandstones and marls. 

The | higher beds, including ‘the quartz-conglomerates with the 
underlying Brownstones, exercise a marked influence on the 
topography of the district, generally forming a bold scarp which 
looks southwards towards Cardiff. The underlying Red Marl 
Group forms a plain, which falls gradually towards Cardiff.3 
Across this plain run numerous ridges, which are approximately 
parallel with the strike of the Old Red Sandstone. Certain of 
these ridges represent outcrops of sandstone- and conglomerate- 
bands in ihe Red Marl Group. 

Glacial deposits have undoubtedly modified the relief of this 
area, the greater part of which is drift-covered. In several places 
the drift has been observed, banked against both dip- and scarp- 
slopes of the ridges mentioned above. Other ridges probably 
represent moraines. 

During the progress of this investigation, extensive building, 
sewerage works, and reservoir construction have proved of consider- 
able value in exposing rocks in areas where there are few natural 
exposures. 


Il. THe Corp-y-Corpcar Fisu-Banp. 


The fish-band, which has been newly discovered in the Red Marl 
Group of the Cardiff District, is exposedin the banks of the stream 
running through Coed-y-Coedeae.* The bed is about 2 feet thick, 
and consists of fragments of fish-remains, embedded in a conglo- 
merate the petrology y of which is deseribed later (p. 503). Down- 
wards, the conglomerate passes, by a complete but rapid transition, 
through a pebbly limestone, into a relatively pure limestone (see 
chemical analysis I, p. 505). Upwards, there is a similar transi- 
tion, from conglomerate to a characteristic cornstone. 

Unfortunately, only two exposures of this fish-band have been 
observed, occurring within 20 yards of each other, where the 
stream winds along the strike. On account of the widespread 


i ,& J.G.S. vol. xxxv (1879) p. 475. 
‘Geology of the South Wales Coalfield: the Country around Newport’ 
Mem. Geol. Surv. Ist ed. (1899) p. 16, and 2nd ed. (1909) p. 13. 
3 A. H. Cox, ‘ Geology of the Cardiff District’ Proc. Geol. Assoc. vol. xxxi 
(1920) p. 18. 
+ Geol. Surv. 6-inch Map, Glamorgan, xxxvii N.E. 
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occurrence of drift over this particular horizon of the Red Marl 
Group, it is improbable that further natural exposures will be 
discovered. The rock of the eastern exposure is relatively fresh ; 
but the rock of the western exposure is badly weathered, and 
presents a characteristic brownish-black coloration in the field, 
the blackness being due to the matrix, which contains much 
caletum-phosphate. The weathered rock hasa ‘peculiar greasy feel. 

The remains in the fish-bed include fragments of Pteraspidian 
and Cephalaspidian fishes, together with Pachytheca, and obscure 
plant-remains. 


ale 7 7 re 7s j 3 

Fig. 1.—Shetch-map of the Cardiff district, showing the outcrop 
of the Coed-y-Coedcae Fish-Band, on the scale of 4 miles to 
the inch, or 1 : 258,440. 
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[1=Outerop of the Red Marl Group. 2=Outcrop of the Middle and 
Upper Groups. x =Coed-y-Coedcae Fish-Band. | 


(a) Pteraspis. 


Many of the remains consist of the detached and broken frag- 
ments of the scutes of Pteraspidian types, some of which are 
preserved in a peculiar manner, which merits some further descrip- 
tion. These are so abundant, that almost every example of the 
conglomerate, under the hammer, exhibits numerous irregular and 
more or less rounded patches. Hach of these patches consists of 
an aggregate of polygonal cavities, preserved in either a bluish- 
green or a brownish-black substance, which a chemical analysis 
proves to be almost pure calcium-phosphate. These polygonal 
cavities, which are generally five- or six-sided, are approximately of 
uniform size in any one specimen, although the sizes vary shghtly 
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in different specimens. The average diameter of each cell is about 
0-16 mm. A detailed examination of the conglomerate reveals 
many well-preserved fragments, which facilitate a more thorough 
Inv estigation. These fragments, even to the naked eye, are seen 
to consist of three aierens layers. The lowest or inner layer 
consists of a series of thin horizontal lamine, which have a 
characteristic nacreous lustre. This nacreous layer is followed by 
a cancellated layer of polygonal cells. The septa which form 
the walls of these cells are normal to the nacreous layer, and in 
many specimens these septa apparently bend over and cap the 
eavities.1 The septa consist of a granular caleium- phosphate. 
The cavities are usually empty. Followi ing the cancellated layer 
is the outer or striated layer, which is oenerally preserved in the 
form of impressions, and consists of a series of small regular 
ridges and grooves. The striz are parallel, and are generally 
straight, although in some cases there is a suggestion of concentric 
structure. 

The view that these fragments represent Pteraspidian remains. 
is confirmed by Sir Arthur Smith; Woodward, who has kindly 
examined typical specimens from this fish-band ; he writes that :— 
‘The bits of cancellated tissue are Pteraspidian, and seem to 
belong to Pteraspis itself,’ 


(b) Cephalaspis. 


Sir Arthur Smith Woodward has identified other fragments as 
being probably portions of Cephalaspis. Fragments of the outer 
vim of the shield and well-marked Cephalaspidian seales occur, in 
addition to many fragments of the scute, some of which apparently 
represent portions of the cornua. 

The proportion of Cephalaspidian to Pteraspidian remains in the 
Coed-y-Coedcae Fish-Band is about 1 : 4. 


ce) Pachytheca. 
y 


White spherical bodies, measuring about 3°5 min. in diameter, 
occur sparingly throughout the fish-band. They are preserved in 
ealeium-carbonate, a, when broken, they present to the naked 
eye two distinct zones, an outer white ‘cortex’ and an inner darker 
zone. Sir Arthur Smith Woodward, to whom specimens were sub- 
mitted for identification, informs us that Mr. W. N. Edwards 
considers that these specimens are probably Pachytheca. Several 
fruitless attempts have been made to obtain thin sections of this 
fossil. Ground surfaces have been prepared with difficulty, and 
these viewed under the microscope in incident light, exhibit not 
only the ‘cortex’ and inner zone, but also what are > apparently the 
straight radiating filaments of the ‘cortex.’ None of the oval 


1 See E. Ray Lankester, ‘Fishes of the Old Red Sandstone’ Monogr. 
Paleont. Soc. vol. xxi, pt. i (1868) pp. 10 & 11. 
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bodies, described by Mr. C. A. Barber! as sometimes occurrin 
between the inner and the outer zones, have been observed. 

Pachytheca had previously been recorded from the Silurian of 
the Cardiff district,” but not from the Old Red Sandstone. 

It is beyond the scope of this paper to diseuss the affinities of 
Pachytheca; but it is interesting to note that it oceurs in pyritized 
form, intimately associated with plants of early Devonian type, in 
the Senni Beds of the Brecon District.® 


oO 
> 


(d) Plant-Remains. 


In addition to the fossils described above, fragments of carbona- 
ceous material occur, which are probably plant-remains, but they 
are far too obscure to admit of even an approximate determination. 


It has been indicated above that there is no available field evidence 
to prove that this Pferaspis-Cephalaspis Bed continues laterally 
to any extent. It is interesting to note that Pferaspis, Cephal- 
aspis, and Psamimosteus, together with comminuted vegetable 
remains, have been obtained from localities around Newport * out- 
side the area under consideration. It is possible that these remains 
occur at the same horizon in the Red Marl Group as those of the 
Coed-y-Coedeae Fish-Band. However, the presence of Pteraspidian 
and Cephalaspidian remains establishes a definite Dittonian phase ° 
for that part of the Red Marl Group which lies above and includes 
the fish-bed. 


Til. Generar Lirnonogy or tik SEDIMENTS. 
The three subdivisions of the Old Red Sandstone in the Cardiff 
district § consist of :— 
(A) Upper Group. a) Upper portion of sandstones 


A with some marls. 
Quartz - Conglomerate Group | 


(about 200 feet thick). + (b) Lower portion: Lenticular 
| quartz-conglomerate-beds, with 
a sandstones, grits, and quartzites- 


1 Ann. Bot. vol. iii; no. 10 (1889-90) p. 144. 

2 J, Storrie, ‘On the Occurrence of Pachytheca at Tymawr Quarry, Rum- 
ney’ Rep. Brit. Assoc. (Cardiff) 1891, p. 652. ; 

3 It is proposed to describe the occurrence of these plants in a future com- 
munication by Prof. A. H. Cox and one of us (A. H.). 

4 <Geology of the South Wales Coalfield: The Geology of the Country 
around Newport’ Mem. Geol. Sury. 1899, p. 20. eek 

> W. Wickham King, ‘The Plexography of South Staffordshire’ Trans. 
Inst. Min. Eng. vol. Ixi (1921) p. 151. ; 

6 Sir Aubrey Strahan (Mem. Geol. Surv. 1899, p. 16) drew attention to’ the 
fact that, in making this threefold division, he did not suggest a precise cor- 
relation with the Upper, Middle, and Lower Old Red Sandstone of other parts 
of the British Isles. 
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(B) Middle Group. Highly micaceous reddish sand- 
stones, grits, and flags, with 


-ownstone Gr ‘ ; 500 
EIU SE NO SO some marls and pebble-beds. 


feet thick). 


(C) Lower Group. Red - green and mottled marls, 


: ; lternating with bands of red 
18 arl Gr ab 2800 a 5 
ee as sandstone, some pale-green and 


yellow sandstone, red and grey 
cornstones, and numerous peb- 
ble-beds. Fragments of Ceph- 
alaspidian and Pteraspidian 
fishes are abundant at Coed-y- 
Coedeae. 


(A) The Upper Group. 


The Upper Group may be divided broadly into an upper and a 
lower part. The upper portion consists mainly of bands of sand- 
stones, frequently pebbly, with alternations of marls, in which cal- 
eareous concretions are common. ‘Towards the top of the upper 
portion, yellow sandstones and flags appear, although these are still 
accompanied by occasional red sandstones and by red and yellow 
marls. 

No one locality gives a complete section from Old Red Sand- 
stone to Carboniferous Limestone; but, by combining observations 
at anumber of localities, it is found that there is no stratigraphical 
break between these two rock series. On the contrary, there 
appears to be an upward transition from red and yellow sandstones, 
through red sands and calcareous shales, to the mottled limestone 
at the base of the Carboniferous. 

The lower part of the Upper Group consists of the massive 
quartz-conglomerates, with coarse grits and some quartzites. The 
bands of quartz-conglomerate, although apparently at a constant 
horizon, are lenticular in character, and do not persist laterally for 
any great distance. Individual bands appear not to exceed 830 to 
40 feet in thickness. There seems to be a progressive diminution 
in the size of the pebbles towards the thin ends of the lenticles, 
until finally each band passes laterally into a coarse grit or a 
quartzite. Bands of quartzite, sometimes pink in colour, are 
associated with the quartz-conglomerates, but are of more general 
occurrence just below the conglomerates. 


(B) The Brownstone Group. 


This series generally forms the scarp-slope of the bold ridge 
which overlooks Cardiff. The Brownstones consist of highly 
micaceous reddish sandstones, grits, and flags, with some inter- 
bedded red marls. 

Immediately below the quartz-conglomerates, bands of quartzite 
alternate with red marls and sandstone. The secondary silicification 
of these bands is well exhibited (for instance, in the roadside 
west of Craig Llysfaen) ; in many cases the paths of the siliceous 
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solutions can be traced along cracks and joints, on each side of 
which the beds have been silicified and turned into quartzites. 

Pebble-beds occur in the Brownstone Group, but do not attain 
an importance comparable with the pebble-beds in the Red Marl 
Group below. 


(C) The Red Marl Group. 


This group consists of red and mottled marls, alternating with, 
numerous bands of highly micaceous sandstones, pebble-beds, and 
cornstones. The marls are generally very micaceous, and frequently 
contain isolated pebbles and concretions. ‘The sandstone-beds vary 
in thickness, from 1 or 2 inches to about 6 feet, and exhibit a 
greater variation in colour and texture than those of the Brown- 
stones. Although they are generally red to brownish-red in colour,. 
a few pale green and yellow bands occur above the Coed-y-Coedcae 
Fish- Band. 

Every gradation of sedimentary rock-types exists in the Red 
Marl Group, from pebble-beds and coarse sandstones, through 
gritty marls and impure cornstones, to relatively pure limestones. 

Some of the pebble-beds apparently persist laterally over dis- 
tances of at least several miles. Practically all the pebbles in 
these beds consist of a medium to fine-grained sandstone ; some of 
these pebbles have a rather characteristic shape, being four-sided, 
with a triangular base and three more or less triangular facets on 
the top ; in fact, these facetted pebbles, which attain a maximum 
length of 6 inches, bear a strong resemblance to dreikanters.. The 
edges, however, are slightly rounded, and present a waterworn 
appearance. These peculiar and characteristic forms probably 
represent incompletely rounded fragments, which were originally 
broken from a well-jointed rock. : 

The new reservoir, which is being constructed near Rhiwbina, 
5 miles north of Cardiff, is immediately on the outcrop of one of: 
the most characteristic pebble-bands in the Red Marl Group, and 
affords excellent opportunities for detailed investigation. The beds 
are apparently at the same horizon as the pebble-bed at the entrance 
to the Cefn-On Tunnel, 2 miles farther east,! and consist of a 
series of pebble-bands, alternating with laminated marls. The marls. 
are usually red, but are frequently mottled with green, and they 
present a striking resemblance to the Keuper Marls of the Penarth 
cliffs. 

The pebble-beds are not laminated, and the pebbles are generally 
distributed erratically in the beds; they are not arranged parallel 
to the bedding-plane, except at the base of each band, each pebble 
being embedded in a thick envelope of the sandy matrix. The. 
interbedded marls are often slickensided, and frequently contain, 
isolated pebbles up to 5 inches long. 


1 «Geology of the South Wales Coalfield: The Geology of the Country 
around Newport’ Mem. Geol. Sury. 1899, p. 14. 
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Along the banks of the oo through Coed-y-Coedeae, 
the rocks are exposed for a distance of about half a mile, and this 
traverse has been mapped in detail. It shows a rapid alternation 
of sandstones, marls, and cornstones which are mainly conglomer- 
atic. Some of the marls exhibit beautiful ripple-markings. 

The fish-band, which is described above, has been observed only 
in the banks of this stream. 

The base of the Red Marl Group, and its relation to the under- 
lying Silurian rocks, will be discussed in a later section. 


The Relation of the Red Marl Group to the 
Brownstone Group. 


On the North Crop, the sage-green sandstones of the Senni 
Beds! form a conspicuous feature of the Brecon Beacons. These 
green sandstones are not. to be identified in the Cardiff district, 
although a few thin bands of pale-green sandstones occur in the 
upper part of the Red Marl Group above the Coed-y-Coedcae 
Fish-Band. 

It is possible that the sediments between the Fish-Band and the 
Brownstone Group represent the Senni Beds, as there is no evidence 
to suggest that the Senni Beds are not represented on the South 
Crop. - 

However, the presence of a few thin bands of green sandstone 
does not justify a further subdivision of the existing Red Marl 
Group of the Cardiff area. 


The Division between the Upper and the Lower 
Old Red Sandstone. 


No. lithological evidence has been obtained, such as would 
justify the drawing of a line between the Upper and the Lower 
Old Red Sandstone at any particular horizon. ~ In fact, we believe 
that the Middle Old Red Sandstone may quite conceivably be 
represented in the Cardiff district. 


IV. PerroitoGy or THE OLD RED SANDSTONE 
(1) Methods of Investigation. 


The constituents of the sediments range from pebbles 6 inches 
long to the very fine material which forms the greater part of the 
marls. Numerous pebbles, from the various pebble-beds and con- 
glomerates, have been examined under the microscope, and many 
thin sections of sandstones from various horizons have been pre- 
pared. 

The usual methods of determining the mineralogical composition 
-of sediments have been employed where possible. The three 


1<The Geology of the Country around Ammanford’ Mem. Geol. Surv. 
1907, p. 54. 
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groups of the Old Red Sandstone were sampled laterally and 
vertically, as exhaustively as exposures permitted. The samples 
were carefully erushed, panned, and sifted, sieves of 30, 60, and 
90-mesh to the inch being used. By far the greater proportion of 
the heavy minerals passed the 90-mesh. The use was removed by 
lixiviation and decantation. When it was considered necessary, 
portions of the samples were treated with dilute hydrochloric acid. 

In the isolation of the various mineral constituents by means of 
liquids of known density, the following were employed : Bromoform 
of specific gravity 2°85, Sonstadt’s solution of varying densities, 
also occasionally silver pibratel The use of a hand- magnet, and 
of an electro-magnet with adjustable pole-pieces, facilitated the 
identification of many minerals. Chemical and microchemical 
methods have been frequently used to confirm microscopic deter- 
minations ; and the method of identification of mineral grains by 
means of a dark background and oblique illumination! has been 
utilized with some success. The heavy residues were generally 
divided into three portions: one was mounted immediately ; one, if 
necessary, after treatment with hydrochloric acid ; and the third 
was retained for reference and chemical tests. 

On the whole, the three groups of the Old Red Sandstone, with 
the exception of the marls and the cornstones, exhibited some, 
though not by any means a complete, uniformity in mineralogical 
composition. 


(2) The Quartz-Conglomerate and Sandstone Group. 
(a) The Pebbles in the Quartz-Conglomerates. 


The quartz-conglomerates consist essentially of well-rounded 
white and bluish (opalescent) quartz-pebbles in a siliceous matrix. 
The pebbles almost invariably exhibit a very strained polarization, 
with accompanying crenulate and mylonitic structure. Quartz- 
pebbles without inclusions are extremely rare: inclusions are 
frequently present in such quantities, and so densely aggregated, as 
to give a cloudy appearance to the pebble. 

The inclusions are of some significance, in view of the fact that 
Dr. W. Mackie? has suggested that an examination of the 
inclusions in quartz enables the rock-type from which the grains 
have been derived to be deduced. 

Relatively large solid inclusions, both idiomorphie and rounded, 
are extraordinarily abundant in the quartz-pebbles, and a prepon- 
derance of such regular inclusions, according to Dr. Mackie, 
suggests an origin from metamorphic rocks. Among these regular 
inclusions, zircon and tourmaline are of common occurrence, 
generally presenting well-rounded forms, although idiomorphie 
forms have been observed. Green tourmaline often occurs in a 
rather peculiar manner, being present as inclusions which frequently 


1 BR. H. Rastall, Geol. Mag. vol. 1x (1923) p. 35. 
2 Trans. Edin. Geol. Soc. vol. vii (1897) p. 143. 
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form curved and S-shaped lines in the quartz. These tourmaline 
inclusions are pleochroic, and exhibit both triangular and hexagonal 
basal'sections. It should be noted that the pebbles containing these 
inclusions of tourmaline are, as a rule, relatively free from the 
undulose extinction so characteristic of most of the quartz-pebbles. 

Inclusions of rutile are present, and are generally rounded and 
deep amber in colour. Irregular iron-ores, mainly magnetite, are 
common as inclusions. Gaseous and liquid inclusions are common ; 
and negative crystals, with neue et ee il outline, have been 
observed. Minute rounded and indeterminate inclusions occur in 
streams, which often cross at angles of 60°.! 

In addition to pebbles of quartz eneisses and quartz-schists, 
vebbles of a fine-grained sericite-schist “have been noted ; occasion- 
ally, pebbles of a “inedium- erained and also of a fine- grained sand- 
stone are encountered. ‘These sandstone- pebbles are so intensely 
iron-stained that, in thin section, only sebangular quartz and 
white mica can be identified. Although they yield so ttle infor- 

“mation under the microscope, the coarser types bear some 
resemblance to the sandstone-pebbles in the pebble-beds of the 
Red Marl Group, which are described later (p. 503). 

Pebbles of Jaspers and cherts are abundant in the quartz- 
conglomerates. The jaspers are usually subangular in: shape, 
contrasting strongly with the well- rounded quartz. -pebbles : they 
are generally brick-red, although brown to green varieties also 
oceur. Under the microscope these jaspers often reveal minute 
felspar-laths in a cryptocrystalline matrix, and thus suggest a 
possible derivation from a felsite. One specimen has been observed 
that might possibly have been derived from a perlitic pitchstone. 
Many of these jasper (felsite) pebbles contain more or less 
circular cavities filled with seccndary silica: the jaspers are 
frequently traversed by thin quartz-veins, often arranged in 
parallel series. 

Both microcrystalline and cryptocrystalline cherts oceur. They 


are generally well-rounded, and no suggestion of organic remains. 


has been noted. These cherts are usually found among the 
smaller constituents of the quartz-conglomerates. Relatively 
fresh oligoclase-andesine is also present as rounded fragments. 


(6) The Sandstones above the Quartz-Conglomerates. 


The sandstones vary from coarse to fine-grained rocks, and under 
the microscope are seen to be composed hace of subangular 
quartz-grains. Some of the angular quartz-grains possibly owe 
their angularity to a secondary deposition of silica. 

A characteristic feature of these sandstones is the presence of 
perfectly fresh microcline, which occurs in well-rounded grains. 
Oligoclase to oligoclase-andesine felspars are also common; these 
plagioclases are remarkably fresh. Potash-felspars appear to be 


1 See A. Gilligan, ‘Petrography of the Millstone Grit of Yorkshire’ 
Q. J.G.S. vol. Ixxv (1919) p. 254, 
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represented by certain badly-weathered aggregates with innumer- 
able sericite-laths. White mica, in laths which are frequently 
bent, is abundant. Large flakes of chlorite are also present, and 
zircons and apatite have been observed. These sandstones, there- 
fore, approach arkoses in composition. 


(c) The Finer Constituents of the Upper Group. 


The coarse conglomerates contain but few heavy minerals in the 
matrix ; but, where the conglomerates become more finely granular, 
the mineral assemblage is so similar to that of the overlying sand- 
stones and grits that both will be dealt with together. Exposures 
of beds belonging to this group are numerous, and have afforded 
opportunities of exhaustive sampling, both laterally and vertically : 
the examination of the finer constituents revealed a collection of 
minerals which, on the whole, is remarkably constant and uniform 
throughout. The Upper Group of the Old Red Sandstone is 
characterized by abundant zircon, rutile, tourmaline, and ilmenite, 
with apatite, garnet, and pyrites. Felspars occur throughout. 

Quartz.—The quartz in the finer sediments is similar to that 
described above, although large regular inclusions are less common, 
and the evidence of acute straining is perhaps less conspicuous. 
The greater proportion of the grains is angular to subangular. 
Occasionally, perfectly rounded grains are present, but they do not 
appear to be characteristic of any particular horizon. 

Felspars.—Microcline is relatively common, occurring in fresh 
rounded grains. The cross-hatching is beautifully exhibited in 
most of the specimens. Oligoclase and oligoclase-andesine crystals 
are common, and they generally are remarkably fresh ; they occur 
in rounded elongated forms, and are invariably much narrower than 
the microcline-grains. The freshness of these soda-lime plagio- 
clases is suggestive, and will be discussed later. 

Weathered aggregates, containing numerous sericite-laths, often 
with a parallel arrangement, suggest a derivation from a potash- 
felspar. No potash-felspar, fresh enough to be detected with 
certainty, has, however, been observed. 

Chert.—Chert occurs throughout as well-rounded fragments. 
No traces of organic structures have been observed. The cherts 
which are present as micro- and cryptocrystalline fragments are 
usually well rounded, even when most of the quartz-grains in the 
same specimen are conspicuously angular. 

Mica.—White mica is very abundant, in the form of large 
irregular flakes, and is distributed freely throughout both light and 
heavy crops. Inclusions are numerous, and range from densely 
packed dust-inelusions, which give the mica a cloudy appearance, 
to well-developed regular inclusions of zircon, rutile, rutile-needles, 
and magnetite. Several flakes of mica, with beautifully developed 
sagenitic rutile, have been observed. Most of the flakes of mica. 
exhibit evidence of strain in their marked undulose extinction. 

Zircon is extremely abundant in every sample examined. In 
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many cases, particularly in the fine-grained sediments, it forms the 
greater part of the heavy crop. 

The zircons exhibit great diversity of size, form, and colour: 
both well-rounded and idiomorphie grains are abundant. 

Two distinct types are present :—(a) Clear, colourless, and rela- 
tively small grains of which the larger proportion is idiomorphic ; 
(b) faintly-coloured types, which range from a_pinkish-yellow 
(often with a purplish tinge) to almost opaque grains. This latter 
type is generally well-rounded, and oval forms are common. A 
short prismatic habit is characteristic of these coloured zircons, as 
is also a well-marked zoning. Often the zircons are fractured, the 
cracks running apparently parallel to the 111 pyramid. 

Among the colourless types, many beautiful examples of ‘ parallel 
growth’ have been noted, and occasionally specimens have been 
observed where both individuals are well-rounded. Dr. R. H. 
Rastall & Mr. W. H. Wilcockson! figure similar occurrences from 
the Lake District. Among the numerous types of inclusions in 
the zircons, the following occur: gaseous, vitreous, and tubular 
inclusions, together with negative and solid inclusions, among 
which perfect minute crystals of zircon are common, 

The following forms have been noted among the idiomorphic 
zircons: first and second-order prisms, pyramids 111 and 311, and 
occasionally the 001 plane is present capping the 111 pyramid. 

The significance of the large proportion of faintly-coloured and 
well-rounded zircons to the colourless types will be discussed later. 

Rutile is always subordinate in amount to zircon, and specimens 
showing complete crystal formare rare. Prism-faces with rounded 
pyramidal terminations occur. Short prisms with irregular termi- 
nations are common, and apparently represent fractured crystals ; 
but the mineral generally is present in sub-rounded and oval 
grains. It presents a wide variation in colour, from a pale yellow 
to an intense deep amber. Geniculate twins have been observed, 
but are very rare; on the other hand, many polysynthetic twins 
have been noted, and in one case alone an oetet twin has been 
observed. Inclusions occur, but are uncommon; zircon has been 
noted among them. Apart from a few minute spear-shaped 
crystals intimately associated with leucoxene, the rutile with its 
well-rolled prisms is apparently allothigenie. 

Tourmaline is a common constituent of this division, occurring 
generally as irregular, angular, and sub-rounded fragments, and 
less frequently as fractured and slightly-rounded prisms. Perfectly 
rounded grains are also of common occurrence. Most of the tour- 
maline-fragments are brown, with a definite purplish tinge, and are 
intensely pleochroic. Inclusions are numerous, including vitreous 
and solid inclusions, while cores of fine dust-aggregates are common. 

Blue tourmaline also cecurs sparingly, mainly in the form of 
angular and subangular irregular grains; it, exhibits very little 


1 « Accessory Minerals of the Lake District Granites’ Q.J.G.S. vol. lxxi 
(1915-17) p. 612. 


part 4] OLD RED SANDSTONE OF THE CARDIFF DISTRICT. 501 


pleochroism. Yellowish-green and practically colourless types also 
are observed. 

Garnet.—Although garnets are common in the Upper Group, 
they are not abundant when compared with the number of garnets 
present in the Red Marl Group.. Pink and colourless varieties 
occur, and frequently present angular and subangular forms with 
re-entrant angles. Presumably these forms owe their irregular 
jagged outline to the dodecahedral cleavage of the grains, which, 
however, is only occasionally well marked in the garnets of this 
division. In addition to these more or less angular types, well- 
rounded and almost spherical grains occur. On the whole, the 
garnets of this division are relatively smaller than those of the 
ved Marl Group. The two types will be compared and contrasted 
below (p. 507). 

Apatite is abundant, occurring generally as large well-rounded 
grains, and less frequently as rudely prismatic forms, although in a 
few cases almost perfect prisms, with low pyramidal terminations, 
have been noted. Many of the grains contain cores which are 
either opaque or, more commonly, brown and pleochroic. These 
cores vary greatly in size: sometimes the whole of the crystal is 
cloudy and almost opaque. 

Ilmenite is the most abundant iron-ore, and occurs in irregular 
forms, intimately associated with greyish-white leucoxene, which 
is often stained brown. In some cases, minute outgrowths of 
spear-shaped rutile, and of a faint yellowish crystal which is 
possibly anatase, have been observed. 

Pyrites is abundant, being present in well-rounded grains 
(? mareasite), and sometimes in minute forms which suggest 
slhightly-rounded cubes. It exhibits a variety of colours in incident 
light. Its presence has been verified by means of electromagnetic 
and chemical tests. 

Magnetite occurs sparingly; it is generally present as inclu- 
sions in other minerals. 

F luorspar has been observed at only one horizon in the Upper 
Group, on the crest of the anticline, north of Craig Llysfaen. It 
exists in the form of large triangular cleavage-flakes. Fluorspar 
also occurs farther. east, on the crest of the same anticline in the 
Brownstone Group; it is probably authigenic. 


(3) The Brownstone Group. 


As in the ease of the Upper Group, chert, microcline, and oligo- 
clase-andesine occur throughout, and are apparently similar in the 
proportion present and the more or less even distribution. The 
heavy minerals of this group, however, differ considerably in 
the relative proportion present, as compared with those of the 
overlying group. Garnets, zircons, and iron-ores are abundant, 
and form the greater part of most of the heavy crops. 

There is a definite and very appreciable increase in the amount 


of garnets present, and a corresponding decrease in the amounts of 
2mM2 
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tourmaline and rutile. No blue tourmaline has been observed. 
Chlorite appears in quantity in the Brownstone Group, and becomes 
a persistent mineral in every crop. Apatite is common through- 
out, while barytes is abundant at several horizons, and increases in 
amount towards the base: it is presumably authigenic, occurring 
as a cementing material. Among these minerals only the following 
eall for any further description. 

Garnet.—Both pink and colourless types oceur. A noteworthy 
feature is the great development of what is presumably a dode- 
cahedral cleavage. This parting has been observed in other rocks 
by several workers.! There is apparently a progressive increase in 
the development of this parting on passing from higher to lower 
horizons ot the Brownstone Group. Although rounded forms are 
fairly common, the garnets are mainly angular, and present (in 
most cases) peculiar zigzag shapes, which are obviously determined 
by the dodecahedral parting. 

Apatite occurs as well-rounded grains, rudely prismatic forms, 
and occasionally as well-developed prisms terminating in rounded 
pyramids. In this division of the Old Red Sandstone there is 
a larger proportion of grains exhibiting a tendency towards idio- 
morphism than is evident in the Upper Group. This feature 
becomes more evident towards the base of the Brownstone Group. 

Chlorite, which is present in negligible amounts in the Upper 
Group, forms a most conspicuous feature of the heavier separations 
of the Brownstones. I occurs characteristically in the form of 
large, irregular, dark-green flakes, which are generally strained. 

Anatase.—Minute crystals of this mineral, intimately associated 
with leucoxene, are fairly common, but only one perfectly idiomor- 
phic crystal, steel-grey in colour, and of a tabular habit with low 
pyramids, has been observed in the whole of the Old Red Sand- 
stone Series. 


(4) The Red Marl Group. 


The marls themselves reveal little of petrological interest on 
detailed examination. They consist mainly of ferruginous argil- 
laceous silt, more or less calcareous, and contain varying amounts 
of minute and generally angular quartz-grains, and much white 
mica, with a little fairly fresh biotite. 

On the other hand, the numerous pebble-beds, grits, and sand- 
stones in the Red Marl Group present many features of interest. 
Numerous thin sections of the pebbles from the pebble-beds at 
different horizons, and of the many different grits and sandstones, 
have been prepared. The pebbles, with the exception of a few 
greatly sheared quartz-pebbles, consist entirely of a very charac- 
teristic fine-grained sandstone, which has not been localized. It 


1T. O. Bosworth, ‘On the Heavy Minerals in the Sandstones of the 
Scottish Carboniferous Rocks’ Proc. Geol. Assoc. vol. xxiv (1918) p. 58; 
A. Gilligan, Q.J.G.S. vol. lxxy (1919) p. 265; R. H. Rastall & W.H. Wilcock- 
son, ibid. vol. lxxi (1915-17) p. 612. 
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contains angular to sub-rounded quartz, large laths of muscovite 
frequently bent, much chlorite (some of which is vermicular), and 
a relatively large number of remarkably fresh plagioclases, in the 
neighbourhood of oligoclase-andesine. Many aggregates, often 
stained with chlorite, are present. These sandstones contain much 
ferruginous material, which at some localities (as, for example, at 
Lisvane) is present in such quantity that, with the exception of 
quartz and mica, the constituents are indeterminable. The few 
quartz-pebbles that are distributed sparingly throughout the 
pebble-bed consist of greatly sheared quartz, clouded with dust- 
inclusions. One peculiar quartz-pebble has been noted, covered 
with deep circular pittings measuring about 3 mm. in diameter ; 
but, in thin section, this pebble exhibited the characteristic struc- 
ture of a quartz-gneiss. 

The fine conglomerate, associated with the fish-band, under the 
microscope is seen to consist of quartz-grains, with some zircon- 
inclusions, and numerous dust-inclusions, quartzite-pebbles, quartz- 
schists, much mylonitic quartz, and many twisted laths of 
discoloured mica. One quartzite-pebble containing an idiomorphie 
garnet has been observed. Rounded cherts are common. The 
matrix is proved by chemical analysis to consist largely of a 
ferruginous calcium-phosphate. Irregular shimmer-aggregates 
containing quartz-blebs have been observed. The heavy crop from 
this pebble-bed consists mainly of zircons, rutile, and a large 
proportion of garnets. 

The sandstones of the Red Marl Group, in thin section, present 
little variation in composition, although they vary considerably in 
texture. They contain both well-rounded and subangular quartz, 
some microcline, relatively fresh oligoclase, and numerous alteration- 

aggregates. ‘T'wisted flakes of white mica and cherts are abundant. 
Chlorite in large flakes is a common constituent. Elongated frag- 
ments preserved in chalcedony, identical in shape and size with the 
‘woody’ tracheids of Pstlophyton, have been observed at different 
horizons. 

The isolation of the constituents of the sandstones revealed a 
rich heavy mineral assemblage. The lighter crops contained 
mainly quartz, with the usual fresh plagioclases and much mica. 
These call for no further description. 

In the heavy crops, zircon is very abundant, the faintly- 
coloured and clouded types being dominant; rutile and tour- 
maline are present in a markedly higher proportion than in 
the Brownstones. Apatite is very common, forming the greater 
part of many separations. It is relatively much larger, and has a 
greater tendency to present slightly-rounded idiomorphic forms, than 
that of the Middle and Upper Groups of the Old Red Sandstone. 
Garnets are much more abundant in the Red Marl Group, where 
most of the grains have a pronounced dodecahedral parting, with 
its characteristically associated zigzag angular shape. By far the 
greater proportion of the garnets is of a colourless variety, although 
pink garnets are not rare. Chlorite is extraordinarily abundant, 
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eenerally occurring in large green flakes, frequently strained ; and 
barytes is abundant at many horizons. Magnetite occurs only 
as inclusions; ilmenite with leucoxene and especially pyrites 
are the commonest iron-ores. 


(5) The Cornstones. 


The cornstones, which form so characteristic a feature of the 
Red Marl Group, occur in relatively thin bands when compared 
with those of the northern outcrop of the Old Red Sandstone of 
South Wales. The eornstones of the Cardiff district seldom 
exceed 2 or 3 feet in thickness; more frequently they form bands 
about 1 foot thick. Individual bands are lenticular, and do not 
appear to persist laterally over a wide area. 

Great petrological variation is exhibited among the cornstones.! 
All types exist, from a relatively pure limestone, through conglom- 
eratic cornstones, to extremely gritty impure types, which closely 
approach a marl in composition. ‘There is also a great variation in 
colour, intensely red iron-stained, pink, grey, and dark-grey types 
occurring. Weathered specimens exhibit a nodular appearance. 

Generally, the cornstones consist of well-rounded fragments of 
gritty marls, an extremely fine-grained, micaceous, calcareous sand- 
stone, and ‘amorphous’ calcium carbonate, with numerous minute 
grains of angular quartz, much mica, and some ehlorite. These 
rounded pebbles, which sometimes have calcite-filled cracks similar 
to those of septarian nodules, are usually embedded in a clear 
matrix of calcium carbonate: this latter often contains aggregates 
of minute angular quartz-fragments, with mica and chlorite. The 
minute angular grains of quartz form a very characteristic feature 
throughout, not only of the matrix, but also of most of the gritty 
calcareous pebbles. 

The crystalline matrix, which occurs so persistently, represents 
recrystallized calcareous material; owing to the recrystallization, 
all the impurities (such as iron oxides and minute mineral grains) 
have either been pushed to the margins of the newly-formed 
crystal mosaics, or have formed aggregates in the middle of the 
mosaics. 

Obscure fish-remains occur frequently (? Pteraspidian types) at 
many horizons, but they are especially abundant in the limestone 
below the Coed-y-Coedcae Fish- Band. 

At many horizons there are numerous rounded bodies present, 
with badly preserved structures, which are not easily accounted for 
by surmising a purely inorganic origin. The state of the preser- 
vation varies with the amount of the recrystallization to which 
the rocks have been subjected. Where the rock has under- 
gone great recrystallization, these rounded bodies only show as 
dark obscure patches; where recrystallization has not affected the 
whole of the matrix, but has driven the hydrated iron oxide against 
and into these bodies, suggestions of structures are still discernible. 


1 See chemical analyses below, p. 505. 
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The bodies, of an average diameter of 0:3 mm., have been 
observed in three types. 


(a) Spiral forms, with septa (?) preserved in the outer whorl. 
(b) Chambered forms, suggestive of Globigerina. 


(ec) Rounded and oval forms showing distinct central and outer zones (an 
inorganic origin might be postulated for this type). 


We approach the suggestion of the presence of organic remains 
in the cornstones with caution ; yet, in our opinion, many of these 
rounded bodies may represent the remains of foraminifera. 

It has already been mentioned that relatively pure limestones 
occur sparingly, and the best example of this type of Red Marl 
Group limestone encountered in this investigation occurs imme- 
diately below the Fish-Band. It consists mainly of recrystallized 
calcium carbonate, and contains many irregular plates of calcite. 
Where two plates are in contact one with the other pressure-sutures 
or styolites! are well developed, similar to the pressure-sutures 
which occur between the crinoidal plates of many Carboniferous 
limestones. This type of limestone contains numerous irregular 
forms, which are very suggestive of the occurrence of alge; re- 
erystallization has obscured the forms, but structures which may 
represent algal tubules are present. 

It is hoped that a further. investigation of the cornstones, now 
in progress, will reveal more definite evidence of the presence of 
organic remains in the limestones of the Old Red Sandstone of the 
Cardiff district. 

The following partial chemical analyses of cornstones illustrate 
the great variation in composition among the different types. 


PARTIAL CHEMICAL ANALYSES OF TYPICAL CORNSTONES.? 


ea ek as Fe CaCO3. | MgCOs. 
Rec eer eon |, oni, eons bec 
bles gps ese |p|. oon | aan Saint 
m1, ae Pale-grey eas 26°3 1:20 56°80 5°22 | 
ty, ORS. Pink type. ress ors | (2:68 6310 | 510 
| | | 


1 See A. HB. Trueman, Proc. Geol. Assoc. vol. xxxiii (1922) p. 25. 

2 We are indebted to Prof. W. J. Jones, of the Chemical Department, 
University College, Cardiff, for these analyses. i 

3 Reference-numbers of specimens in the collection of the Geological 
Department, University College, Cardiff. 
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When the cornstones are treated with hydrochloric acid to 
remove the carbonates, the residual silt is characterized by the 
presence of a larger proportion of the minute angular quartz- 
fragments, already noted as occurring in great quantities through- 
out most of the cornstones. Brown prismatic grains of tourmaline 
and white mica and chlorite are abundant; an interesting 
feature is the frequent occurrence of relatively fresh brown mica. 


Origin of the Cornstones. 


Prof. W. J. Sollas } has suggested that the cornstones of South 
Wales represent mechanically derived sediments. Prof. A. H. Cox * 
suggests that the cornstones ‘probably owe their existence to 
direct precipitation.’ 

The segregation of the minute angular quartz-grains in the re- 
crystallized portion of the cornstones, and their more or less even 
distribution throughout most of the constituents, including sep- 
tarian nodules, suggest that originally these cornstones were 
calcareous silts, with the minute quartz-fragments and other 
detrital constituents distributed uniformly throughout. These 
silts must owe their origin, either to chemically or to organically 
precipitated lime, either to actual mechanical sedimentation or to a 
combination of these factors. A stream highly charged with 
suspended and dissolved lime would rapidly deposit its load on 
entering shallow brackish-water lagoons. Mechanical agitation 
and the presence of algze would facilitate this deposition. 

It is probable that the cornstones of South Wales, with their 
relatively high content of detrital material, represent a combination 
of mechanically and chemically formed sediments, deposited in 
brackish-water lagoons under rapidly changing conditions. 


(6) Summary of the Petrology. 


Realizing the great probability of variation in the local distri- 
bution of the constituents of shallow-water sediments, we have 
not attempted any detailed quantitative mineralogical analysis of 
the rocks under consideration ; but we have contented ourselves 
with keeping a record of the approximately relative proportion of 
most of the constituents. In the case of the sandstones above the 
quartz-conglomerates of the Upper Group and of the coarser beds 
of the Red Marl Group, the constituents are remarkably evenly 
distributed throughout the rocks. The heavy minerals of the 
Brownstones are not distributed so uniformly, some few heavy 
crops containing nothing but a few zircons; the examination of 
a large number of samples has, however, enabled us to make an 
approximate determination. 


1 ‘Silurian District of Rhymney & Penylan, Cardiff’ Q. J. G.S. vol. xxxv 
(1879) p. 492. 

2 “Geology of the Cardiff District’ Proc. Geol. Assoc. vol. xxxi (1920) 
Dados 
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It will be noted that there is a variation in the relative amounts 
of the constituents present in each of the three groups of the Old 
Red Sandstone. Consequently, these sediments may be divided 
roughly into three zones, according to the most abundant heavy 
minerals present. 


(a) Upper, with abundant zircon, rutile, tourmaline, and apatite ; 
(b) Middle, with abundant zircon, garnet, and chlorite ; 


(c) Lower, with abundant zircon, rutile, garnet, tourmaline, apatite, and 
chlorite. 


These relations are expressed diagrammatically in fig. 2 (p. 508). 
The three mineralogical zones coincide, more or less, with the 
main stratigraphical groups. 

However, too much emphasis cannot legitimately be laid on the 
variation at different horizons of such constituents as rutile, garnet, 
and apatite, when these results are applied to problems connected 
with the source, etc., of the sediments. Interstratal solutions have 
undoubtedly been great factors in the ultimate distribution and 
form of such constituents as apatite and garnet. It is significant 
to note that apatite is most abundant and fresh where there is a 
largely caleareous cement. Apatite is very abundant, and many 
large grains with a marked tendency towards idiomorphism are 
common in the Red Marl Group, where lime is a dominant factor 
in the cement. In the Upper Group of the Old Red Sandstone, 
the apatite is relatively small in size and generally well rounded ; 
but it becomes more pronounced in the more calcareous sandstones 
which occur immediately below the Carboniferous Limestone. In 
the Brownstones, apatite is of small size, well rounded, and far less 
abundant; in these there is a much smaller amount of calcareous 
cementing-material. Apparently, the calcium carbonate prevents 
the phosphate from going into solution. Dr. Mackie! states that 
ferric hydrate acts as a preservative for apatite. 

Similarly, the garnets of the Upper and Middle Groups show 
signs of a greater susceptibility to alteration in their smaller 
rounded forms and frequent cloudiness. In the Red Marl Group 
they ‘are almost invariably clear, and larger and angular, with 
frequent etch-marks. Dr. Mackie (loc. cit.) states that :— 


“Carbonate of lime preserves garnets, which, when extracted from sandstone 
highly charged with carbonate of lime, always appear with etched surfaces. 
It would appear that, so long as solutions charged with carbonate of lime 
circle round the garnets in the sediments, they probably tend to be dissolved, 
thus giving rise to etching of their surfaces. As soon, however, as calcite 
begins to be deposited around them in solid form, all solution ceases, but they 
retain their etched surfaces.’ 


An interesting point is the degree to which the rhombo- 
dodecahedral parting is developed at different horizons; there is 
apparently a transition from a much larger proportion of un- 
cleaved crystals in the Upper Group, through a gradually inereasing 


1 Trans. Edin. Geol. Soc. vol. xi, pt. 2 (1923) p. 149. 
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quantity of cleaved types, at the expense of uncleaved grains, until 
down in the Red Marl Group practically every garnet “has a well- 
developed parting. 

Dr. T. O. Bosworth } suggests that the dodecahedral cleavage of 
the garnets in some sediments is induced during transportation by 
water. If this be assumed, it would appear “probable that the 
greater development of the dodecahedral parting in the garnets 
found in the lower part of the Old Red Sandstone, as compared 
with those in the higher part, is due to a greater distance of trans- 
port. Further, it is possible that the proportion of cleaved garnets 
at any one horizon may furnish some measure of the distance from 
the original source of supply. 

It has already been noted that there are two types of zircons 
present throughout the Old Red Sandstone. In addition to colour- 
less zircons, relatively large quantities of a faint pinkish-brown 
type, sometimes with a slight purplish tinge, occur as stumpy, 
otten well-rounded, and ovoid forms. ‘This association of the two 
types of zircons, and more especially the relative proportions of 
each present, is interesting in view of the recent paper by 
Dr. W. Mackie,? who has found purple zircons in all sediments 
from pre-Torridonian to recent sands, and states that the original 
source of these zircons is the Lewisian Gneiss of the North of Scot- 
land. He describes these ‘purple’ zircons as varying in colour 
from a faint purplish or pinkish tint to an intensity which renders 
the crystal nearly opaque. Presumably, the faintly coloured and 
almost opaque forms in the Old Red Sandstones of the Cardiff area 
are similar to Dr. Mackie’s purple types, and the relatively large 
proportion of these to the colourless types suggests a direct 
derivation from gneissic rocks similar to the Lewisian Gneiss. 

No sphene has been detected in the sediments, although it is 
generally a common associate of chlorite, which occurs so abun- 
dantly in the Middle and Lower Groups of the Old Red Sandstone. 
As we were aware of the difficulty usually experienced in detecting 
sphene in mineral residues, a careful watch has been maintained, 
but none has been observed. Dr. R. H. Rastall® notes the fact 
that rutile is abnormally abundant in most sediments, when the 
relatively small amount present in known igneous rocks is con- 
sidered. He suggests that it may have arisen by the decomposition 
of titaniferous iron-ores in some of the earlier semi- metamorphosed 
sediments. The rutile of the Old Red Sandstone is certainly not 
authigenie, as it occurs in well-rolled and rounded forms ; it may” 
have been derived, as Rastall suggests, from titaniferous iron-ores, 
or some may have originated from sphene. 


1 ‘Ffeavy Minerais in the Sandstones of the Scottish Carboniferous Rocks’ 
Proc. Geol. Assoc. vol. xxiv (1913) p. 58. 

2 <The Source of the Purple Zircons in the Sedimentary Rocks of Scotland’ 
Trans. Edin. Geol. Soc. vol. xi (1923) p. 201. 

3 Geol. Mag. vol. lx (1923) p. 39. 
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V. Tire UNcCONFORMITY BETWEEN THE SILURIAN AND THE 
Oxtp Rep SANDSTONE OF THE CARDIFF AREA. 


In order to compare the Old Red Sandstone of the Cardiff area 
with the Silurian, typical specimens from the Silurian rocks of the 
Cardiff district have been examined. An exhaustive investigation 
of these sediments has not been completed, but sufficiently numerous 
specimens have been tested to establish the fact that the Silurian 
of the Cardiff area has a characteristic assemblage of minerals, 
which is entirely distinct from that of the Old Red Sandstone of 
the same area. 

The most abundant heavy mineral residues occur in the Rumney 
Grit.| This has been selected as a typical coarse sediment of 
the Silurian of the Cardiff district. The heavy crop of minerals 
consists of a practically pure culture of zircons and irregular 
iron-ores. 

The zircons, on the whole, are extraordinarily uniform in type 
and size, being generally colourless and more or less ovoid, although 
some few idiomorphic grains are present. 

A few small well-rounded zireons occur, of a faint pinkish- 
brown colour (? purple types of Dr. Mackie); but the proportion 
of this type to the colourless grains is very small, when compared 
with that seen in the Old Red Sandstone. Brown tourmaline and 
rutile of a deep amber colour occur, although they are distributed 
but sparingly through the rock, one or two grains occurring in 
each separation. No garnets have been observed, and apatite has 
not been detected with certainty, although a few intensely-clouded 
well-rounded grains may possibly represent altered apatite. 

The constituents of the lighter crops also present a characteristic 
and distinct assemblage. 

The angular to subangular quartz-grains are much more uniform 
in size and shape than those of the Old Red Sandstone. No 
perfectly rounded grains have been observed. The quartz-grains 
exhibit practically no evidence of strain or regular inclusions. 
The muscovite of the Silurian, occurring in relatively small flakes 
generally free from inclusions, is also different from that of the 
Old Red Sandstone, where it 1s present in characteristically large 
cleavage-flakes, and generally contains regular and dust-inclusions, 
and sometimes sagenitic rutile. No plagioclases have been ob- 
served, although weathered aggregates occur. Cherts are present. 

In short, the Silurian rocks of the Cardiff district are typically 
sediments which have been derived from pre-existing sediments ; 
while the greater part of the Old Red Sandstone rocks, as will be 
shown later, were probably derived directly from metamorphic and 
igneous areas. 

In view of this evidence and of the fact that distinct uncon- 
formities exist elsewhere, along the south of the Old Red Sandstone 


1 W. J. Sollas, Q.J.G.S. vol. xxxv (1879) p. 480. 


part 4] OLD RED SANDSTONE OF THE CARDIFF DISTRICT. 511 
ot South Wales, as, for example, Gower,! Tortworth,? and the Men- 
dips,’ it is suggested that there is a distinct stratigraphical break 
between the Old Red Sandstone and the Silurian of the Cardiff 
district. 


VI. THe PROBABLE SOURCE OF THE OLD Rep SANDSTONE 
SEDIMENTS. 


It is interesting to note the striking similarity which exists on 
the whole between the sediments of the Old Red Sandstone in the 
Cardiff area, those of the Torridonian, and also those of the Mill- 
stone Grit of Yorkshire as described by Prof. A. Gilligan. There 
are, of course, many differences, such as the shape of the grains 
and the grades of the sediments, due to different conditions of 
deposition. 

Prof. Gilligan compares and contrasts the Millstone Grit of 
Yorkshire with the Torridonian Sandstone, in the following table.* 
For comparison, a brief summary of similar Old Red Sandstone 


types is inserted between the two :— 


Torridonian. 


(a) Presence of blue or 
opalescent quartz, with aci- 
cular, irregular, and regular 
inclusions. 


(b) Dominant  felspars 
are microcline, microcline- 
perthite, oligoclase, and 
orthoclase. ‘The character- 
istic felspars of the arkoses 
are microcline and micro- 
cline-perthite, quite fresh, 
unaltered. 

(c) Cherts of various 
colours showing crypto- 
crystalline and = micro- 
crystalline structure. No 
definite organisms found. 


(d) Silicified oolites 
occur. 


(e) Quartzite-pebbles. 
(f) Pebbles of vein- 


quartz which show evidence 
of shearing are the most 
abundant. 


Old Red Sandstone of 
the Cardiff Area. 


(a) Similar pebbles abun- 
dant in Old Red Sandstone. 


(6) Microcline, oligoclase, 
and oligoclase-andesine are 
very abundant, and are cha- 
racteristically very fresh ; 
weathered orthoclase (?) 
abundant. 


(ec) Cherts of various 
colours showing crypto- 
crystalline and  micro- 


crystalline structure. No 
trace of organisms found. 


(d) None found. 
(e) Quartzite-pebbles. 


(f) Similar pebbles are 
the most abundant. 


Millstone Grit of 
Yorkshire. 


(a) Similar pebbles abun- 
dant in the Millstone Grit. 


(6) Microcline and micro- 
cline-perthite are by far 


the most abundant and 
quite fresh. 

(ec) Cherts of various 
colours showing similar 


structure, common in coarse 
beds. Some ghosts of 
organisms are found in a 
few of the chert-pebbles. 


(d) Exactly similar peb- 
bles found. 


(e) Quartzite-pebbles. 


(f) This is also the case 
with the Millstone Grit. 


1 Sir Aubrey Strahan, ‘The Geology of West Gower’ Mem. Geol. Surv. 


1907. 


2 B.R. C. Reed & 8. H. Reynolds, ‘On the Fossiliferous Silurian Rocks 
of the Southern Half of the Tortworth Inlier’ Q. J.G.S. vol. Lxiv (1908) 


p. 535. ; 


3S. H. Reynolds, ‘ Further Work on the Silurian Rocks of the Hastern 
Mendips’ Proc. Bristol Nat. Soc. ser. 4, vol. ili, 1912 (issued for 1911) p. 80. 
4 © Petrology of the Millstone Grit of Yorkshire’ Q. J. G.8. vol. Ixxv (1919) 


pp. 284-86. 
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Torridonian. 


(g) Felsites, gneisses, and 
mica-schists occur. 


(h) Clastic micas (both 
brown and white) are pre- 
sent in the finer-grained 
beds. 


(i) Heavy minerals in- 
clade magnetite, ilmenite, 
sphene, garnet, tourmaline, 
zircou, and rutile. Dr. T. 
O. Bosworth (Rep. 
Assoc. Dundee, 1912, p. 474) 
points out the great abun- 
dance of garnet and zircon. 


A. HEARD AND MR. 


Brit. 


Old Red Sandstone of 
the Cardiff Area. 


(gq) Felsites 
quartz-gneisses, 
schists occur. 


(h) White mica and 
chlorite (7? after biotite) are 
very abundant, occurring in 
large flakes. Fresh brown 
mica has been observed in 
the cornstones and mats. 


(2) Heavy minerals in- 
clude ilmenite and Jeuco- 
xene, pyrites, garnet, tour- 
maline, zircon, rutile, and 
apatite, with a very little 
magnetite. 


(jasper), 
and mica- 


(j) A large proportion 
of coloured to colourless 
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Millstone Grit of 
Yorkshire. 


(g) Pebbles of 


type occur. 


similar 


(h) Clastic micas (both 
brown and white) are pre- 
sent in the finer-grained 
beds. 


e 


(¢) Heavy minerals in- 
clude ilmenite, leucoxene, 
garnet, zircon, tourmaline, 
rutile, and magnetite. Of 
these by far the most im- 
portant is garnet; while 
zircon is very common in 
all beds. 


zirvcons. 


(k) Sandstone-pebbles of 
the Red Marj Group, not 
matched with older Palaeo- 
zoic Rocks. 


The Torridon Sandstones are supposed to have been derived 
from a pre-Cambrian massif on the north-west, while Prof. Gilligan 
suggests a similar origin in the north-east for the Millstone Grits. 
The above comparison, in our opinion, justifies the conclusion that 
the greater part of the Old Red Sandstone sediments of South 
Wales has been derived from a similar pre-Cambrian massif. 

Tt will be noted that apatite is very abundant in the Old Red 
Sandstone of South Wales, while it is not recorded in any quantity 
from the Torridonian and the Millstone Grit. Prof. Gilligan 
comments on the absence of apatite? from the Millstone Grit. 
He records its presence, however, in granite-pebbles from the grit. 

It is possible that the apatite of the Torridonian and the Mill- 
stone Grit has been removed by chemical agency, while that of the 
Old Red Sandstone has been preserved by different conditions of 
deposition and cementation. It is also possible, however, that 
areas of titaniferous magnetite, ete., similar to those of Norway 
(which contain large amounts of apatite), were undergoing denu- 
dation during Devonian times. This suggestion is borne out 
to some extent by the relatively considerable amount of titaniferous 
minerals in the Old Red Sandstone of South Wales. 

The large proportion of faintly coloured and opaque zircons in 
comparison with those of the colourless type, in view of Dr. Mackie’s 
recent work, suggests a first eycle of denudation from Lewisian or 
similar gneisses. 

The sandstone-pebbles so abundant at several horizons in the 
Red Marl Group, which contained much fresh microcline and 


1 Q.J.G.S. vol. lxxy (1919) p. 286. 2 Ibid. p. 272. 
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oligoclase, have not been matched with any older Paleozoic sand- 
stones, and may have been derived from an older source. 

bisa physico- chemical deposition be assumed for the cornstones, 
then areas of limestone must have been undergoing denudation. 

Presumably then, most of the sediments under consideration 
have been derived from a pre-Cambrian land-mass, and represent 
the estuarine and deltaic (with lagoon) deposits, of a huge river 
which probably drained the pre-Cambrian massif on the north- 
west. This land-mass apparently consisted of a metamorphic 
and acid igneous complex, together with calcareous and arenaceous 
rocks, which had not been greatly deformed mechanically. 


VII. THe Base or tHE DEvontran. 


The intense earth-movements which marked the close of the 
Paleozoic Era, and added the mountains of Wales, the Lake 
District, Scotland, ete., to the great land-mass of pre-Cambrian 
rocks in the north-west, apparently resulted in the uplift of the 
greater part of South Wales. The unconformities between the 
Silurian and the Old Red Sandstone at Tortworth, the Mendips, 
in Gower, and (as this work has suggested) in the Cardiff area, 
clearly demonstrate the occurrence of this upheaval. 

At first sight, these facts support the idea of the ‘ Welsh Lake’ 
conditions of deposition. 

Prof. L. D. Stamp! asserts that a ridge existed during Lower 
Old Red Sandstone times in the neighbourhood of the, Bristol 
Channel; but Dr. J. W. Evans? doubts whether such a ridge ever 
existed in the Bristol Channel area. 

However, in view of the discovery in the course of the work 
here described of a definite petrological break at the base of the 
Old Red Sandstone of the Cardiff area, there can be little doubt 
that there was an appreciable uplift in this area, towards the end 
of Silurian times. Yet, if this uplift resulted in the formation of 
a ridge of dry land, we are met with an apparent paradox; for not 
the slightest trace of Silurian sediments has been found in, or at 
the base of, the Old Red Sandstone. In fact, the lowest horizons 
contain pebbles which could only have originated from a meta- 
morphic complex. It has already been noted that, petrologically, 
the Silurian sandstones and the Old Red Sandstone are absolutely 
distinct, and have been derived from entirely different sources. It 
is extraordinarily difficult to imagine that even a low-lying ridge 
would leave no traces in the immediately overlying sediments. 

Thus, we are faced by two apparently conflicting facts :— (a) 
there was an uplift towards the end of the Silurian Period; (4) no 
detritus was contributed by the Silurian of South Wales to the 
Old Red Sandstone sediments in the Cardiff area. 

In our opinion, these facts can only have one interpretation. 


1 Geol. Mag. vol. lx (1923) p. 394. 
2 Ibid. p. 479. 
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The uplift in pre-Devonian times did not result in much of the 
land emerging from the sea. The slowly rising sea-floor was 
subjected to contemporaneous submarine erosion, by currents 
flowing approximately southwards, and transporting the débris in 
that direction until subsidence began and permitted Old Red 
Sandstone sediments to accumulate. 

In short, there is a marked non-sequence at the base of the 
Devonian in South Wales, but there was no, or little land-barrier 
formed, hence the hypothesis of the ‘ Welsh Lake’ is untenable. 

There was apparently little interruption in deposition in parts 
of Pembrokeshire! and the Shropshire area,” in earliest Devonian 
times. It is possible that normal sedimentation was taking place 
in a trough running approximately from the north of Shropshire 
to Pembrokeshire, although even parts of this area may have been 
undergoing contemporaneous erosion. 


VILL. Conprrions or Deposition. 


The frequent and rapid alternation of impure limestones, gener- 
ally conglomeratic, with gritty marls, sandstones, and pebble-beds, 
together with the nature of the sediments, ripple-marking and 
probably lenticular nature of most of the beds, suggest, on the 
whole, deltaic conditions for the deposition of the Old Red Sand- 
stone of South Wales. During earlier Old Red Sandstone times, 
lagoons were probably prevalent, in which the impure cornstones 
were formed. The numerous pebble-beds, in which the constituents 
are well worn, with a large quantity of relatively coarse arenaceous 
transported material, suggest that the river which transported this 
detritus must have originated in a massive land-mass. Such a 
massif would presumably intercept moisture-bearing winds, and 
leave the leeward side comparatively dry, with conditions approach- 
ing those of a desert, where dreikanters would form, with well- 
rounded quartz-grains. Such an area, subjected to occasional or 
periodic floods, would give rise to the red deposit so characteristic 
of denudation under arid climatic conditions. The fresh felspars 
were probably derived from a fairly acid igneous rock by a process 
of disintegration by insolation, although the possibility of rock- 
disintegration under glacial conditions in the mountains must be 
taken into consideration. 


IX. A SuaGEsrEep ConNEXION WITH THE DEVONIAN 
or Devon. 


If the Old Red Sandstone of South Wales represents a series of 
sediments deposited under deltaic and estuarine conditions, it may 
reasonably be suggested that the Devonian of North Devon is 


1 <The Geology of the South Wales Coalfield: the Geology of the Country 
round Milford’ Mem. Geol. Surv. 1916, p. 93. 

2 L. D. Stamp, ‘On the Highest Silurian Rocks of the Clun Forest District’ 
Q.J.G.S. vol. xxiv (1918) p. 240. 
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merely an estuarine and marine phase of the South Wales Devonian, 
and has been at least partly derived from the same source. Detailed 
petrological investigation of the Devon facies will do much to 
establish or refute this suggestion, which is borne out to some 
extent by the occurrence of tio ect oun marine beds at West 
Angle Bay, south of Milford Haven, in the Upper Old Red Sand- 
stone ; and by the presence of the undermentioned beds of Old 
Red Sandstone type in North Devon :— 


G) Foreland Beds with Psilophyton. 
Gi) Lower and middle parts of the Hangman Grits. 
(iii) Pickwell Down Sandstone. 


Dr. J. W. Evans,! in criticizing adversely Dr. L. D. Stamp’s 


recent assertion of the existence of the ‘Welsh Lake’ » writes : 


“Is there any reason to suppose that the south-eastern shoreline of the 
Silurian sea of the Welsh border was continued as an east-and-west ridge in 
the neighbourhood of the Bristol Channel? Even if it was, it could not have 
formed the boundary between the Old Red Sandstone and Devonian types of 
sedimentation, except for a comparatively short period.’ 


X. SUMMARY AND ConcLuUsIoNs. 


The Coed-y-Coedcae Fish-Band, with Pteraspis, Cephalaspis, 
and Pachytheca, has been discovered, thus enabling a Dittonian 
age to be ascribed to that part of the Red Marl Group which over- 
lies and includes the Fish- Band. 

The cornstones have probably been formed mainly by physico- 
chemical processes; suggestions of the existence therein of fora- 
minifera and algze have, however, been observed. 

The greater part of the sediments of the Old Red Sandstone of 
the Cardiff district has been derived from a metamorphic and acid 
igneous complex, together with some arenaceous and calcareous 
sediments, probably from a pre-Cambrian massif on the north-west 
(approximately ). 

There is a definite petrological, and hence presumably a strati- 
graphical, break at the base of the Old Red Sandstone of the 
Cardiff district. 

There is no petrological evidence to support the suggestion of a 
‘Welsh Lake’. 

It is probable that the Devonian of North Devon and the Old 
Red Sandstone of South Wales represent various facies of an 
originally continuous series of deposits. 


Tn conclusion, we wish to acknowledge our great indebtedness. 
to Prof. A. H. Cox for his invaluable advice and criticism; to 
Dr. J. F. North for his examination and criticism of many 
organic remains; to Dr. A. E. Trueman, and to the other investi- 
gators whose names have been mentioned in the text. 


1 Geol. Mag. vol. lx (19238) p. 479. 
Q. J. G.S. No. 320. 
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DISCUSSION. 


Mr. E. E. L. Drxon remarked that, as regarded the relations 
of the Old Red to the Silurian, the development in Southern 
Pembrokeshire marked an advance on the non-sequence suggested 
in the Cardiff district, and also supported the view, most recently 
expressed by Prof. L. D. Stamp, that, at various places in England 
and Wales, certain beds near the junction, though resembling the 
Silurian in some elements of their fauna, should be included in the 
Devonian. For, in the country around Pembroke and Tenby, 
the base of the Old Red contains frequent Lingwla, a survivor of 
the Silurian fauna, but at the same time rests on the Ludlow 
unconformably. The junction is marked bya strong conglomerate 
of quartzites, quartzitic sandstones, and vein-quartzes, in which 
the felspathic material, abundant above, is rare. 

On the other hand, the conclusions reached in Pembrokeshire as 
to the presence of land away to the south appeared to differ from 
those inferred from the Cardiff evidence. In this respect, the 
Lower Palwozoic and the Lower Old Red of Pembrokeshire differ 
from the Upper Old Red, which thickens greatly southwards, and, 
at several places in the southernmost outcrops, contains marine 
(Upper Devonian) intercalations; it has presumably formed part 
of a delta fringing the Devonian sea. The Lower Old Red and 
older rocks, on the contrary, yield evidence of the presence of land 
on the south. Thus, in Southern Pembrokeshire the Llanvim 
Series is generally succeeded unconformably by the Ludlow, 
whereas on the north this hiatus is bridged, except for the break 
between the Lower and the Upper Llandovery. Again, north of 
Milford Haven, the Wenlock Series passes up into the Ludlow, and 
the latter, at most places, into the Old Red. On the south the 
Wenlock is separable from the Ludlow by a sharp line; the base 
of the Ludlow is conglomeratic and, in the southernmost outcrop, 
contains plant-beds without marine organisms. Moreover, the 
hiatus between the Ludlow and the Old Red increases on the whole 
southwards. The Ludlow is overstepped, and probably there is also 
overlap of the base of the Old Red. 

The bulk of the material of the Lower Old Red may well have 
been derived, as stated by the Authors, from pre-Cambrian rocks, 
for strained quartz and fresh felspars are abundant, and Dr. Herbert 
H. Thomas has found some of the Cosheston Sandstones abnormally 
rich in garnet. The pebbles of sedimentary rocks ean hardly, 
however, have come a great distance: they are abundant, and 
reach diameters of 18 inches in the basal conglomerate. In the 
Ridgeway Conglomerate, which appears to be represented in the 
Cardiff district by the Llanishen Conglomerate, their large size and 
their abundance, to the exclusion of any coarse felspar-bearing 
fragments, point to an origin that was close to Pembrokeshire, 
and can hardly have been far from Cardiff. A few have yielded 
horny brachiopods, and are possibly Cambrian ; but nothing like 
these fossiliferous rocks is known in South Wales in situ. It is 
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difficult to avoid the conclusion that their source is now covered 
by the sea, and lies, partly at least, away to the south. 

Mr. A. K. Wetts regretted the unavoidable absence of the 
President, especially in view of the opinions expressed by the pre- 
vious speaker. Asa member of the Geologists’ Association he had 
had the privilege of attending the excursion conducted by Dr. Evans 
in North Devon in 1922, and had been much impressed by the 
remarkable threefold alternation of marine with ‘continental’ 
deposits there developed. The succession is essentially inter- 
mediate in character between that of South Devon (marine) and 
that of South Wales (continental). The beds of continental 
facies in North Devon must increase in thickness northwards at 
the expense of the marine wedges, and merge into one thick conti- 
nental series somewhere in the Bristol Channel. There thus 
appears to be neither room nor reason for the alleged ridge during 
the Devonian Period. 

With regard to the pebbles and fragments in the Old Red Sand- 
stone of the Cardiff district, he enquired whether it was not possible 
for some of these to have been derived second-hand from the Cam- 
brian beds of the Harlech Dome, say, from the Rhinog and _ Bar- 
mouth Grits. Some of the rock-types could be matched in the 
Basement Series of the Ordovician of Merioneth, which the speaker 
believes to be, in part at least, redistributed Harlech material. 

Dr. A. Mortry Davizs pointed out that the evidence for what 
the Authors termed a ‘ petrological non-sequence’ was not quite 
analogous with the paleontological evidence of a non-sequence. 
Tf the change in the mineral contents of sediments were due to the 
gradual removal of overlying rocks and the increased exposure of a 
deeper series, abruptness in the change would certainly seem to 
indicate a time-interval unrepresented by sediments. But, if the 
change were due to an alteration in the direction of transport of 
minerals, abruptness was not necessarily inconsistent with con- 
tinuous deposition. 

Prof. A. Huserr Cox remarked that the paper afforded one 
more instance that a petrological examination might shed new 
light on the origin of a sedimentary formation. To himself the 
present results were rather unexpected, but the evidence was so 
conclusive as to leave no room for doubt that pre-Cambrian rocks 
had contributed very largely to the Old Red deposits, and that 
Paleozoic formations had not contributed so largely as might have 
been expected. He was much interested in Mr. Dixon’s remarks, 
because he had recently examined new exposures of what he be- 
lieved to be the Llanishen Conglomerate, in excavations for the 
Wenallt Reservoir near Cardiff. The pebble-beds do not compare 
in thickness with the 1000 feet of the Ridgeway Conglomerate ; 
but the pebbles themselves answer closely to the description just 
given by Mr. Dixon. They are mostly coloured quartzites, which 
he had failed to match with any Lower Paleozoic rocks, but 
occasional pebbles of coarser grain resembled some of the Lower 


Cambrian grits of North Wales, such as the Bronllwyd Grit. He 
2N2 
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had not obtained any derived fossils; but the suggestion of a 
Lower Cambrian derivation received additional support from 
Mr. Dixon’s record of forms like Awtorgina from the Ridgeway 
Conglomerate. 


The Secretary read the following contribution to the Discussion 
sent by Prof. P. G. H. Boswell :— 


‘I very much regret my inability to be present at the reading of the paper. 
Having some slight knowledge of the petrographical characters of the Devonian 
deposits north and south of the area considered by the Authors, I am in- 
terested to see that they find themselves compelled to turn to the north-west 
for the source of the material, and to exclude the older Palzeozoic sediments. 
Speaking generally, in this conclusion I think that they are correct. Both the 
coarser and the finer constituents which they describe suggest a source in 
pre-Cambrian (probably Archean) rocks, The assemblage of strained quartz, 
chlorite. tourmaline, garnet, and microcline is characteristic; it would be 
interesting to know whether large rose-purple ovoid zircons find a place in it. 
The pre-Cambrian types exposed in the Malverns, Shropshire, and Pembroke- 
shire are not competent to yield such an association; but it should be re- 
membered that the petrological investigation of those rocks has not yet been 
intensively carried out. One feels a great temptation to turn to the Car- 
narvonshire area, where the Archean of Anglesey would satisfy the demands. 
It is, however, important to remember that ancient massifs exposed in 
Devonian times may now be covered by later deposits. 

‘That the Authors are correct in stating that older Paleozoic rocks would 
not yield the assemblage, I do not doubt. The influence of the Archean 
rocks on the petrology of the Algonkian sediments is well known. Thereafter, 
throughout the Cambrian, Ordovician, and Silurian Periods, the abundance 
and variety of the detrital minerals in the corresponding British sediments 
steadily decreases, until, when the basin of deposition was almost filled in 
later Ludlow times, the assemblage was dull in the extreme. Subsequent 
earth-movements resulted in an area of ancient and crystalline rocks being 
once again drawn upon to provide the early Devonian sediments. As was the 
case repeatedly in the geological history of these islands, the ‘‘ Old Boy,” to 
use Lapworth’s homely, illuminating and, in this connexion, peculiarly appro- 
priate term, was time after time the father of British sediments.’ 


Prof. W. J. Sonnas recognized the importance of the results 
which the Authors had brought before the Society. He desired, 
however, additional information on the mode of occurrence of the 
dodecahedral cleavage in garnets. He had never observed cleavage 
in thin slices of garnets, and thought that its presence under other 
conditions, though frequently asserted, might be open to other 
interpretations. 

A petrographical break scarcely implied a stratigraphical un- 
conformity, although it might well mark a change in physical 
conditions. In the neighbourhood of Cardiff there was, to all 
appearance, a gradual passage from the Silurian to the Old Red 
Sandstone, and this was true also of the succession so finely 
displayed on the northern side of the area in the Sawdde section. 

Mr. W. Campsurt Surru and the CuatrMman also spoke. 

Dr. Huarp, replying on behalf of the Authors, was glad to 
know that Prof. Boswell had arrived at similar conclusions, with 
regard to the Old Red Sandstone of certain other areas. 

Prof. Cox had already referred to the Llanishen Conglomerate 
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mentioned by Mr. Dixon, and a detailed account of this conglo- 
merate is contained in the paper. 

The views as to the relation of the Old Red Sandstone of South 
Wales and the Devonian of Somerset, which Mr. Wells had put 
forward, were essentially those held by the Authors. The paper 
attempted to show the important part played by pre-Cambrian 
rocks, in furnishing directly sediments to the Old Red deposits. 
The Authors do not deny the possibility of some of the material 
having been derived from other rocks 

In reply to Dr. Morley Davies, Dr. Heard said that the term 
non-sequence was so well-known as implying the absence of 
certain strata, due to penecontemporaneous erosion, that the Authors 
felt justified in using it, even in a case where the non-sequence 
has not been proved by paleontological evidence. Conglomerates 
are not confined to one or even two horizons. Besides the main 
conglomerate-bands, fine quartz-conglomerates also occur at the 
base of the Old Red Sandstone, as well as in the Coed-y-Coedcae 
Fish- Band. 

He thanked Prof. Sollas for his kindly criticism, and was 
interested in the occurrence of garnets with a well-marked parting 
in certain schists. 

He felt that the hypothesis of a ‘Welsh Lake’ had filled a 
useful purpose; but the evidence in the Cardiff district was, that 
there was no ridge which could have separated such a lake from 
the marine area of Somerset. 
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I. Lyrropvucrion. 


THe area dealt with in this communication and represented by 
the appended map (Pl. XL) is situated some 5 miles north of 
Haverfordwest, 7 miles south of Fishguard, and from 8 to 14 miles 
east of St. David’s. About 25 square miles in extent, it lies 
inmediately north of a district recently resurveyed by the officers 
of H.M. Geological Survey,! and south and east of a tract of 
country surveyed by one of us (in collaboration with Prof. O. T. 
Jones)? in 1912. It is occupied mainly by Arenig and associated 
Upper Cambrian rocks, of which the Arenig Series is of especial 
interest, since it contains two distinct sets of volcanic rocks—one 
of which immediately underlies the lowest visible Arenig sediments. 
In addition, an important series of rhyolitic lavas and ashes of 
uncertain age traverses the greater part of the district from Roch 
to Trefgarn. 

As is usual in Pembrokeshire, the general strike is in an east- 
north-easterly to west-south-westerly direction; but strike-faulting 
on an intensive scale has greatly disturbed the geological succession, 


1 «The Country around Haverfordwest’ Mem. Geol. Surv. Explan. Sheet 228, 
1914; and ‘The Country around Milford’ ibid. Explan. Sheet 227, 1916. 

2 H. H. Thomas & O. T. Jones, ‘ The Pre-Cambrian & Cambrian Rocks of 
Brawdy, Hayscastle, & Brimaston’ Q. J.G.S. vol. Ixviii (1912) p. 374. 
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and complicated the structure of the district. On the south, this 
area of Arenig and Upper Cambrian rocks is followed by extensive 
outcrops of the higher Ordovician beds of the Haverfordwest 
district, while its northern boundary is constituted, in large 
measure, by the pre-Cambrian massif of Hayscastle. 


(a) Physical Features. 


Topographieally, the district is rather more varied than is 
usually the case in Western Pembrokeshire. Considerable portions 
ot the area are occupied by the 400-foot plain; but out of this 
rises a ridge of rhyoiitie voleanic rocks which attains an altitude 
of nearly 600 feet above O.D. on Plumstone and Great Trefgarn 
mountains. Along this ridge the rhyolites crop out at intervals as 
craggy tor-like masses, as at Roch Castle, Cuttern, Poll Carn, and 
Trefgarn Rocks, otherwise the outlines are smooth. This ridge, 
contrary to expectation, does not constitute the main water- 
parting of the district, for the area is traversed by the River 
Cleddau, which has carved a deep gorge-like valley that runs 
approximately north and south, and traverses all the solid forma- 
tions inconsequentially. Various tributary streams, notably the 
Sealy River and the Spittal Brook, have likewise incised deep 
valleys that bear little or no direct relation to the solid geology. 
These steep-sided valleys furnish numerous exposures that are 
augmented by a fair number of quarries. In the case of the 
Cleddau Valley the natural exposures are amplified by cuttings 
along the Great Western Railway line to Fishguard, on one side 
of the valley; and by the cuttings along Brunel’s projected 
railway on the other. On the high-level plain, exposures are 
usually poor and seanty, and topographical features connected 
with the solid geology are either small and obscure, or altogether 
wanting. Considerable areas, and especially shallow depressions, 
are covered with thin drift that renders much of the solid geology 
obscure: as, for example, between Rinaston and Ambleston, and 
around Dudwell. 

Along the outcrops of some of the harder rock-bands, such as 
the Sealyham keratophyres, and the Arenig and Roch rhyolites, 
occasional masses rise out of the high-level plain in a seemingly 
capricious manner, reminiscent of sea-stacks, and in the distance 
looking like ruined castles. Some of these have been in part 
destroyed by glaciation, and the resulting débris carried southwards 
and south-eastwards. These glacially-distributed boulders occa- 
sionally occur in such numbers and are so prominent a feature, 
that they may easily be mistaken for a weathered outcrop. 
Examples of such a distribution of boulders, hiding the true solid 
geology, may be seen south of Garn Turne Rocks, in the neigh- 
bourhood of Little Trefgarn, and south of the igneous rocks of 
Ambleston. In the distribution of drift, erratics, and crag-and- 
tail the district shows evident signs of extensive glaciation, but 
actual roches moutonnées are not often to be seen; the best 
occur on the crags of rhyolite which flank the Cleddau Valley at 


Trefgarn Rocks. 
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(6) Previous Literature. 


On account of the craggy and picturesque outcrops of several of 
the rock-masses, such as those of Roch, Trefgarn, and Ambleston, 
the district early attracted the attention of geologists, and we find 
references in the writings of Murchison, Aveline, H. T. de la 
Beche, and Ramsay.! The state of our knowledge of the rocks 
of this area was summarized in 1857 by the publication by the 
Geological Survey of Sheet 40 of the Map, and Sheet No. 1 of 
Horizontal Sections. In these publications the main outcrops of 
the igneous rocks, designated felspathic trap, were indicated; and 
the associated sedimentary rocks were designated either Cambrian, 
altered Cambrian, or Llandeilo. 

From the writings of the early geological surveyors, and from 
the maps and sections of the Geological Survey, it is far from 
clear whether the igneous rocks of Roch and Trefgarn were 
regarded as of intrusive or as of extrusive character; but that the 
former view had supporters is evident from the manner in which 
Dr. Hicks in his later papers emphasized the proofs of their 
voleanic nature. Some twenty years after the Survey published 
their map, Hicks,? extending his researches on the pre-Cambrian 
rocks of Pembrokeshire, made his first reference to the igneous rocks 
of Roch and Trefgarn, and claimed them as pre-Cambrian. He 
gave a good description of the Roch Series, and in this he was 
assisted by T. Davies. In that paper he published a north-and- 
south section along the line of the Cleddau Valley, from Trefgarn 
Bridge to Ford. In its main points this section resembled that 
ot the Survey (1857), but Hicks grouped together the Trefgarn 
and Roch igneous rocks ; and, ignoring the Arenig sediments that 
are exposed between them, he erroneously regarded the Trefearn 
andesites as belonging to his newly-formed ‘Arvonian Group’ 
of the pre-Cambrian. In 1881 the error in his original section 
was perpetuated and intensified in another section illustrating an 
important paper on Classification which was published in the 
‘ Popular Science Review’ of that date.’ 

In 1885 Dr. J. E. Marr & My. T. Roberts4 made a notable 
advance in our knowledge of the sedimentary rocks bordering the 
south of the district dealt with in this paper. They described, 
also, in detail the rocks of a quarry near Trefgarn Bridge, where 
they ‘collected the first trilobites obtained from the Lingula Flags 
of this district. Through obscurity of the section, however, they 


1 See the bibliography given in the paper by H. H. Thomas & O. T. Jones 
on the Pre-Cambrian & Cambrian Rocks of Brawdy, &e., Q. J. G.S. vol. lxviii 
(1912) p. 377. 

2 “A New Group of Pre-Cambrian Rocks (Arvonian) in Pembrokeshire’ 
Q. J.G.S. vol. xxxv (1879) p. 285. 

3 «The Classification of the Eozoic & Lower Paleozoic Rocks of the British 
Isles’ Pop. Sci. Rey. n.s. vol. v (1881) p. 295. 

* <The Lower Paleozoic Rocks of the Neighbourhood of Haverfordwest’ 
Q. J. G.S. vol. xli (1885) p. 476. 
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somewhat dubiously regarded the Lingula Flags as lying uncon- 
formably on the igneous rocks (Trefgarn Series). Later (1886) 
Hicks! revisited this quarry; he also regarded the junction as 
unconformable, and thus reiterated his belief that the igneous 
rocks there exposed were of pre-Cambrian age. Before the 
opening-up of the good sections of the Spittal Tunnel, just above 
the quarry in question, one of us? held the same opinion; but 
now, from the more complete exposures, we know that the 
junction is a thrust, and that the igneous rocks are of Arenig age 
(p. 580). 

Since that date little has been published that is directly 
connected with the district, except passing references in those 
memoirs of the Geological Survey which deal with the area on the 
south, and have already been cited (p. 520). 


Il. THe SrrarigRaPHicsL SUCCESSION. 


In the southern portion of the area represented by the map 
(Pl. XL) various divisions of the Ordovician occur, and their 
outcrops are delineated. These include the Ashgillian (Redhill 
and Slade Beds), the Caradocian (Dicranograptus Shales), Llan- 
deilo Flags and limestone, Didymograptus-murchisont Beds, and 
the Lower Llanvirn (D.-bifidus Beds). The sequence, lithology, 
and faunal characters of these divisions in Pembrokeshire are well 
known, and they have been sufficiently described in the Survey 
Memoirs on the geology of the country around Haverfordwest and 
Milford. It will, therefore, only be necessary to deal with that 
portion of the succession which directly concerns the age of the 
Roch, Trefgarn, and Sealyham voleaniec series, and the structure of 
that region in which the igneous rocks oceur—that is to say, from 
the Lower Llanvirn downwards. 

The probable descending stratigraphical succession is indicated 
below, in tabular form :— ‘ 


ArEniG-Lianyvirn... Sealyham Group { uly hapa Koratophyacs 


Sealyham shales. 


R : : ( Tetragraptus Shales. 
PA IRR EGE ber mach 14 a ITI NEI so ¢ Brunel Beds. 
Trefgarn Andesitic Series. 
Upper CamBrian ... Lingula Flags. 
Uncertain age ......... 2 Rosh Binyolieie: Series. ( Nant-y-Coy Beds. 


P PRE-CAMBRIAN ...... 5 “0 Roch Rhyolites. 


As will be seen from the map, these divisions are frequently in 
faulted relation to each other. As a whole, the sedimentary rocks 
are poorly fossiliferous, and frequently much affected by cleavage. 
Further, although they are of different ages, lithological differ- 
ences are often slight, the whole combining to make the task of 


1 H. Hicks, ‘The Pre-Cambrian Age of certain Granitoid, Felsitic, & other 
Rocks in North-West Pembrokeshire’ Q. J. G.S. vol. xlii (1886) p. 351. 

2 H. H. Thomas, ‘ Notes on the Railway-Cuttings between Clarbeston Road 
& Letterston in Pembrokeshire’ Summary of Progress for 1904, App. iv, 
Mem. Geol. Surv. 1905, p. 170. 
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unravelling the structure of the sedi- 
mentary deposits and the precise 
dating of the associated igneous 
rocks one of extreme difficulty. 

In view of the complexity of the 
district and the uncertainty as to 
the exact stratigraphical position of 
several of the rock-groups, it will 
be convenient to give first the ap- 
parent succession as observed in the 
Cleddau Valley. 


Ill. Tee Creppavu- VALLEY 
SECTION. 


The Cleddau traverses the district 
from north to south, and is thus 
generally transverse to the strike of 
the rocks. The steep sides of its 
valley, aided by quarries and various 
railway-cuttings, furnish an almost 
continuous section.. What is miss- 
ing on one side of the valley may 
be filled in from exposures on the 
other. The main section commences 
near about where the Spittal Brook 
enters the Cleddau Valley, and it 
continues northwards in a seem- 
ingly ascending sequence to Ford. 

Another important section, also in 
the Cleddau Valley, is on the eastern 
side, and ranges southwards from 
the Spittal Brook. It includes the 
quarry-section described by Marr & 
Roberts, and also the new and im- 
portant exposures laid open at the 
mouth of the Spittal Tunnel. 


(a) From the Spittal Brook 
to Ford. 


(1) Lingula Flags.—The sec- 
tion commences with Lingula Flags, 
which are the oldest tossiliferous 
rocks of the neighbourhood. They 
are dark olive-grey flags and bluish 
shales, and show that rapid alterna- 
tion of coarse and fine sediment so 
characteristic of beds of this forma- 
tion. They are exposed on both 
sides of the Spittal Brook, and dip 


ae ai 
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northwards towards the Trefgarn andesites at an inclination of 
about 40°. As the andesites are approached, the valley narrows, 
and, although the actual junction with the Lingula Flags is not 
clearly visible, it can be located with sufficient accuracy to show 
that it must be a fault. The junction appears to cross the valley 
as an almost straight line, suggesting that this fault is one of high 
inclination. 


(2) The Trefgarn Andesites.—This igneous series now 
occupies both sides of the valley for a distance of about half a 
mile. Its southernmost representatives, as exposed along the 
railway-line in the first cutting north of Spittal Brook, have a 
southward and eastward dip, and thus strike discordantly towards 
the Lingula Flags. An eastward dip is also to be observed in the 
new quarry (Council Quarry) on the eastern side of the valley. 
In this southern portion of the andesitic series we are evidently 
dealing with the central part of an eastward-pitching anticline, of 
which the southern limb has been eut out by the fault that 
separates the andesites from the Lingula Flags. 'The lowest 
rocks consist of moderately compact, bluish-green, keratophyric or 
andesitie lavas, followed by purple, red, and green tuffs and lavas 
of andesitic composition. Higher up the valley the dip gradually 
swings round to the north, and the rocks, with minor folding and 
some ; faulting, continue with a fairly steady northward inclinawion 
of about 20° to their northern boundary. As far as the large 
quarry on the Fishguard Road, immediately south of a sharp bend 
in the river, the series consists of alternating lavas and tuffs of the 
prevalent purple and green tints. It would appear, however, that 
tuffs preponderate in the higher portion of the series, and a thick- 
ness of about 40 feet of these is exposed in the quarry. 

These tuffs are succeeded immediately by a massive volcanic 
conglomerate some 80 to 50 feet thick, which consists of large 
rounded blocks of andesite, ranging from a few inches to a foot in 
diameter, set ina pyroclastic matrix. This is followed by more 
tuffs and lavas, of the same type as those previously encountered ; 
but exposures are not continuous, and the relative proportion of 
lava and tuff is difficult to ascertain. The uppermost member 

of the series appears to be another voleanie conglomerate that is 

well exposed between the main road and the river. It has a 
thickness comparable with that of the conglomerate already 
mentioned, and like it rests upon purple and green tuffs. 

Occupying a position midway between these two conglomerates, 
which are book exposed on the western side of the valley, there is 
yet another conglomerate that forms a bluff on the eastern side. 
eee there are three separate horizons on which these conglo- 

erates occur, or whether there is some repetition by strike- 
iealGing! is uncertain. 

The maximum exposed thickness of this voleanic series is 
certainly to be encountered in the Cleddau Valley. It cannot be 
less than 500 feet, and is probably in the neighbourhood of 
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750 feet. The petrography of these rocks is of a simple and 
straightforward character, ad need not be elaborated here. The 
lavas are mainly albitic pyroxene-andesites and keratophyres, and 
their essential characters have been described and figured in the 
Geological Survey Memoir on the Haverfordwest district." 


(3) The Brunel Beds.—The Trefgarn andesitic series 18 
succeeded conformably by a thick group of sandy strata of proved 
Arenig age. These beds are best exposed in the cuttings made 
along the eastern side of the valley by Brunel? in 1845, when a 
line of railway from London to Fishguard was planned, but not 
completed. They may also be seen to advantage on the western 
side of the valley between the Fishguard road and the river, as 
also ina cut made to divert the river when the present railway 
was constructed. 

The lowest beds of the group are not exposed in the Cleddau 
Valley, but are visible at numerous localities farther east, where 
they show an almost complete transition into the andesitic rocks 
below (p. 582). The southernmost of Brunel’s cuttings shows 
about 60 feet of well-bedded, blue, ashy sandstones, current-bedded, 
with lamin of*dark micaceous shale. These are underlain by 
dark-grey shales and tuffs, and pass upwards into grey, striped, 
sandy shales and ashy sandstones. From the intercalated beds of 
shale in Brunel’s cutting Mr. John Pringle obtained specimens 3 
of Callograptus salteri Hall, Dendrograptus jflexuosus Hall, 
Dietyograptus irregularis Hall, Didymograptus extensus Hall, 
and Phyllograptus cf. typus Hall. This assemblage of forms 
proves at once the Lower Arenig age of the Brunel Beds, placing 
them low down in the Lvfensus Zone. 

The dip of the beds is east of north, at an average inclination of 
20°, and this continues for the greater part of the outcrop in the 
valley. As, however, the rhyolites are approached there is some 


1H. H. Thomas, in ‘The Geology of the Country around Haverfordwest’ 
Mem. Geol. Sury. 1914, pp. 21-23. 

2 We are indebted to Mr. A. C. Cookson, Engineer to the Great Western 
Railway, for the information contained in the following note :—The cuttings 
on the eastern side of the Cleddau Valley between Trefgarn Rocks and 
Trefgarn Bridge were made by the great engineer, I. K. Brunel, about the 
year 1845, when he was building the South Wales Railway, and it was then 
intended that the terminus should be at Fishguard. In 1851, however, the 
project of carrying the line from Clarbeston Road to the northern coast of 
Pembrokeshire was abandoned, and, the line being deflected southwards, the 
terminus was made at New Milford, now called Neyland, on Milford Haven. 
The point of departure of Brunel's projected line from the Neyland Branch 
was that adopted by the Great Western Railway Company when they made 
their line to Fishguard in 1904. It is interesting to note that Brunel’s 
original scheme was ultimately put into operation, even to the extent of a 
practically identical route and the utilization of some of the cuttings made 
by him more than sixty years before. 

The cuttings to which reference has been made in the text have not been 
utilized by the new line, as they were found to be at too high a level, and lay 
east of the course finally adopted. 

° Preserved in the collections of the Geological Survey. 
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evidence of rolling, for the exposures in the new river-ecut and on 
the western side of the valley near by, show variable dips, 
oceasionally with a southward or eastw: wd inclination. Allowing 
for the probable slight folding of these beds, their thickness, as 
exposed in the Cleddau V alley, ‘must exceed 500 feet. 

For a distance of about 150 yards before the rhyolites, next to 
be deseribed, are reached, all exposures fais The valley sides have 
a more gentle angle, the ground is wet and marshy, and the way 1n 
which the rhy olites on the north rise like a wall across the valley 
leaves no doubt, even if proof were lacking elsewhere, that the line 
of demarcation between these two Ponmenene: is a aie or thrust 
of high inclination. 


(4) The Roch Rhyolitie Series.—This series, as exposed 
in the Cleddau section, consists of two conformable units: a Jower 
mass of flmty rhyolites and rhyolitic ashes, and a higher group 
of ashy flags and shales to which the name Nant- y- ‘Coy Beds 
has been assigned. 

(a) The flinty rhyolites and ashes.—The rhyolites are 
well exposed in the fine crags of Tre fearn Rocks and in the cor- 
responding crags of Little Trefe arn on the other side of the valley. 
The presence of this barrier of resistant rock causes a marked 
constriction of the valley, and gives rise to some of the most 
picturesque scenery in Pembrokeshire. 

The rhyolites are typically fine-grained, highly silicified, pale 
ereenish- blue rocks that weather white. ‘Originally, in all 
probability, they were vitreous, but are now microcrystalline. 
They are uniform in character, and rather featureless; for they 
are non-porphyritic, and exhibit no special structures beyond 
oceasional slight indications of flow. Associated with them are 
equally tlinty but beautifully banded silicified tuffs of blue-green 
and pale mauve tints, spoken of by Murchison as the ‘ribbon- 
Jaspers’ of Macculloch. These flinty ashes are best seen where 
the main road has been cut through the base of the crags. 

Where first encountered the rhyolites have a south-south-east- 
ward dip of about 15°; but they soon become horizontal, and turn 
over towards the north. The general disposition of the rocks 
suggests an eastward-pitching anticline, of which the southern 
limb has been cut out by the fault or thrust that separates the 
rhyolites from the Brunel Beds. 

(b) The Nant-y-Coy Beds, so called from their excellent 
exposures along the course of the Nant-y-Coy—a small stream 
draining eastwards into the Cleddau at Nant- y-Coy Mill—are of 
pyroclastic nature, and succeed the rhyolites conformably. They 
are of considerable thickness, and consist of flaggy silicified 
pyritous ashes that bleach white, but, on account of their pyritic 
character, give rise to a characteristically yellow soil. Their 
unbroken junction with the underlying rhyolites is best seen in the 
railway-cutting and in the crags above. The lowest beds are 
rather more massive and more pyritous than those which succeed 
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them, and when partly weathered show a pronounced red staining. 
In the pyritic nature of these deposits is probably to be found the 
reason for the name ‘gold rocks’ applied locally to the crags 
through which the railway-cutting has been made. They also 
contain traces of copper. On the western side of the valley the 
lower beds are well exposed behind Nant-y-Coy Mill, and on the 
footpath leading to Trefgarn Rocks. The succeeding more typical 
deposits are rather more thinly bedded, flaggy, and often striped. 
Some of them are so thinly bedded as to be almost papery ; others 
are more massive, and have the splintery jointing characteristic of 
a chinastone-ash or hiilleflinta. They are best seen in the 
precipitous northern bank of Nant-y-Coy, where the rocks can be 
examined in an unweathered condition. East of the river they 
oceupy several hummocks on the low ground, and then form the 
striking steep-faced hill of the Barch. 

The width of outcrop clearly indicates that the group, as a 
whole, is of considerable thickness; but, towards their northern 
limit, the beds assume a southward dip, and give other signs of 
minor folding. This, taken in conjunction with the fact that 
their northern boundary is always a fault, precludes the possibility 
of ascertaining the actual thickness; it cannot be much less, 
however, than 600 feet, as exposed on the valley sides. 


(5) The Ford Beds.—The fault that marks the northern 
boundary of the Nant-y-Coy Beds throws them in turn against 
the pre-Cambrian and Cambrian rocks of the Hayscastle mass 
that lies west of the Cleddau Valley, against Ford Beds in the 
Cleddau Valley itself, and, on the east, against the Sealyham 
Shales (Arenig or Llanvirn). 

The Ford Beds have already been deseribed by one of us and 
Prof. O. T. Jones.1. They consist of a thick series of blue-grey 
rusty-weathering shales. Sometimes they are rather flaggy, and 
contain thin bands, an inch or so thick, of banded quartzite similar 
to the siliceous courses met with in the Lingula Flags. The beds 
are but little affected by cleavage, and are well exposed in the 
railway-cuttings at Wolf’s Castle Station, Chapel Farm, and 
towards Musland. Nevertheless, after prolonged and careful 
search, they have failed to yield a single fossil. They appear to 
pass downwards into a sandstone—the Musland Grit; but their 
exact age remains an unsolved problem. 

These beds are much affected by minor folding, but they have a 
general north-eastward dip away from the Lower Cambrian and 
pre-Cambrian of Hayseastle, and towards the Ordovician rocks of 
the Sealyham district ; from these, however, they are separated by 
the Pwll-Strodyr Fault. 

Their lithology recalls in some respects that of the Tetragraptus 
Shales and in some measure that of the Lingula Flags. It is 


‘ H. H. Thomas & O. T. Jones, ‘ The Pre-Cambrian & Cambrian Rocks of 
Brawdy, Hayscastle, & Brimaston’ Q. J.G.8. vol. [xviii (1912) p. 393. 
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difficult to see, however, how they could belong to either of these 
formations, and they were prov ‘isionally assig oned to the U pper 
Solva division of the Cambrian. We have no orth evidence to 
offer on this point, but 1¢ is possible that more detailed work in the 
Cambrian succession of the Solva district may assist in forming a 
final conclusion. 


(6) The Sealyham Gr oup.—The Ford Beds are thrown by 
the Pwll-Strodyr Fault against various members of the Sealyham 
Group. This. group consists of a thick series of blue-black 
shales and thinly-bedded mudstones of Didymograptus-bifidus or 
D.-extensus age, with which are intercalated flows and ashes of 
keratophyric character. These igneous rocks are quite distinct, 
both lithologically and stratigraphically, from the Trefgarn 
Andesites already ‘described. The rocks of the Sealyham Group 
will be discussed more fully in a later portion of this paper 


(p. 535). 
(b) Trefgarn Bridge and Spittal Tunnel. 


The Spittal-Tunnel section, which has a total length of about 
900 yards, is one of the most important sections in the district: for 
it cuts across the strike of a diversity of rocks, and exhibits well 
their mutual relations. The cutting: leading to the tunnel at its 
southern end is extremely iitercting, and has already been 
described by one of us.) It is sufficient here to state that at the 
southern end it commences in Dicranograptus Shales, and 
between this point and the Spittal-Road bridge shows a northward- 
dipping ascending sequence of those beds which represents almost 
the complete succession as developed in South Wales. The horizons 
range from the zone of Nemagraptus gracilis to that of Dicrano- 
GQ aptus clingani or Pleurograptus linearis. Immediately north 
of the road-bridge a thrust of high northward inclination brings 
in a small thickness (some 150 to 200 feet) of Didymograptus- 
bifidus Shales with overlying thickly-bedded ashes. Another 
thrust of similar character then introduces Tetragraptus Shales, 
which occupy the cutting to the tunnel’s mouth and continue 
inside for a distance of some 90 yards : at that point, with marked 
disturbance, they are succeeded by igneous rocks of the Trefgarn 
Series. The Tetragraptus Shales here exposed have a thickness of 
about 250 to 300 feet. Keratophyric and andesitic rocks occupy 
the remaining portion of the tunnel, and are exposed in the cutting 
at the northern entrance. One of the chief matters of interest 
brought out by the cutting up to this point is the nature of the 
faulting or thrusting whereby an apparently inverted succession 
Is produced. Each formation dips towards the north, and is suec- 
eeeded in that direction by another older than itself. It can be 
shown that there is no inversion within any unit, and thus the 


1H. H. Thomas, in ‘The Geology of the Country around Haverfordwest’ 
Mem. Geol. Surv. 1914, pp. 49-51 ; see also pp. 20, 30. 
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explanation of the sequence is that continuously older beds have 
been thrust over successively from the north (fig. on p. 524). 

It is the northern portion of the cutting that, in the present 
connexion, holds for us the greatest importance, for ‘here is 
obtainable undoubted proof of the overthrust nature of the 
junction between the igneous series and the apparently succeeding 
Lingula Flags. The igneous rocks are steeply inclined, and are 
largely voleanic cong lomerates that are formed of rounded masses 
of andesitie igneous rocks (measuring up to many inches in 
diameter) set ina matrix of identical but comminuted material. 
This similarity between pebbles and matrix in some instances 
effectively masks the conglomeratic nature of the rocks in question, 
and this does not become evident until weathering has proceeded 
to a considerable extent. 

The igneous rocks are succeeded on the north by Lingula Flags 
that are thrust over them, lie discordantly across their edges, and 
continue to the northern end of the cutting. The weathering of 
the voleanie conglomerates beneath the thrust- junction with “the 
Lingula Flags has brought strongly into evidence, for a short 
vertical distance, their conglomeratic nature; and this, at first 
sight, since it follows the Lingula- -Flag boundary, might be taken 
for a conglomeratic base of the overlying formation. It was this 
deceptive | appearance, coupled with the fact that a plane of move- 
ment in the igneous rocks was more or less parallel, and close, to 
the thrust on which the Lingula Flags rested, that led Marr & 

Roberts to suggest a pre-Lingula-F¥ lag age for the igneous rocks, 
and a conglomeratic base for the Lingula Flags as exposed i in the 
roadside quarry. It will be seen, from what has been said 
regarding the nature of the faulting and succession as shown by 
the tunnel- section, that successively older rocks sueceed each other 
towards the north. Therefore, we should expect, even without 
additional evidence, the Lingula Flags to be older than the 
igneous rocks that they apparently overlie. 

The olive-green flags, overlain by glacial gravel, at the entrance 
to the cutting, yield abundant Linguleila davisi (M‘Coy) ; 
while from the quarry below, on the Fishguard road, the 
following forms have been obtained:—Agnostus pisiformis (Linné), 
var. obesus Belt, Olenus cataractes Salter,and O. mundus Lake—a 
fauna that suggests the Lower Lingula Flag (Maentwrog) Stage.! 

Northwards to the Spittal Brook the ground i is occupied by these 
beds, with a general northward dip, and the section here joins that 
of the Cleddau Valley already described (p. 524). 


1 See ‘The Geology of the Country around Haverfordwest’ Mem. Geol. 
Surv. 1914, p. 12. 
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IV. Disrrizutron or tne Rocks, anp ConFIRMATORY 
SECTIONS. 
(a) The Lingula lags. 

East of the Cleddau Valley the outcrop rapidly narrows towards 
Spittal, near which locality the Lingwla Flags are cut out entirely 
by the confluence of the two faults or thrusts that form respectively 
their northern and southern boundaries. Over this tract of country 
they are fairly well exposed along the Spittal Brook towards the 
Woollen Mill, and in most of the lanes and roads, while their 
characteristic yellow-weathering débris is abundant. Most localities 
will yield Lingulella davisi on diligent search. West of the 
Cleddau the area occupied by these rocks is of much greater extent. 
The outcrop widens rapidly from the Cleddau by reason of the 
northward trend of its boundary against the andesites through 
Trefgarn Village towards the rhyolites of Poll Carn. The Lingula 
Flags are here brought into contact with the Roch Rhyolitic 
Series, and so continue along the southern flanks of Great Tref- 
garn, Plumstone, and Dudwell Mountains. Old quarries on Great: 
Tretgarn Mountain have yielded abundant Lingule. On the 
south, as in the Spittal-Tunnel section, their outcrop is bounded 
more or less consistently by members of the Trefgarn Volcanic 
Series, and possibly some Brunel Beds, to the neighbourhood of 
Cuffern, where they are completely cut out, the Roch and Trefgarn 
Series being brought together. Within this tract they are well 
exposed around Leweston and Wolfsdale Hill. At the former 
locality they yielded several fossils to Marr & Roberts, and from 
Leweston Farm we have obtained Agnostus pisiformis var. obesus. 
They are seen with their characteristic lithology and abundant 
Lingule in an old quarry at Lady’s Cross; but on the west their 
outcrop is largely drift-covered. What are presumably Lower 
Lingula Flags with some Menevian deposits appear on the north 
side of the Roch Rhyolites, on the western slopes of Cuffern 
Mountain, and continue westwards to Roch Bridge by way of 
Ferny Glen. They evidently belong, structurally, to the southern 
limb of the Hayscastle Anticline: for, with a southward dip, they 
are followed northwards by still lower members of the Cambrian 
System.! 

They are fairly fossiliferous, and yield Agnostus pisiformis 
(Linné), A. pisiformis (Linné), var. obesus Belt, Lingulella 
JSerruginea Salter, ete. 


(6) The Trefgarn Andesites. 


Apart from the main section of the Cleddau Valley there are no 
very good exposures of the northern mass, except in the Spittal 
Brook, where a good section is to be seen behind the buildings of 
the Spittal Woollen Mill. East of this locality they more or less. 


1 H. H. Thomas, in ‘The Geology of the Country around Milford’ Mem. 
Geol. Surv. 1916, p. 17. 
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rapidly turn into the fault that forms their southern boundary, and 
are soon cut out. Their passage into the higher beds (Brunel 
Beds) will be discussed later (p. 544). 

The mapping reveals the fact that the southern mass, as exposed 
at Trefgarn Bridge and the Spittal Tunnel, is of quite small extent, 
but that it appears again on the western side of the Cleddau 
Valley. South of Leweston these beds are seemingly much affected 
by strike-faulting ; westwards, however, although badly exposed, 
this outcrop appears to be more or less continuous to Roch. It is 
possible, through lack of exposure and similarity of weathered 
products, that a certain amount of Brunel Beds has been included 
in their mapped outcrop. Igneous rocks, clearly of a keratophyric 
nature, are exposed in the large quarry at New Inn, north of Cam- 
rose.! On the south they are consistently bounded by a strip of 
Tetragraptus Shales, as in the Spittal-Tunnel section. 


(c) The Tetragraptus Beds. 


East of the Cleddau Valley. 


(1) The Brunel Beds.—The outcrop of the Brunel Beds can 
be followed from the good exposures of the Cleddau Valley 
(p. 526) up the valley of the Spittal Brook for about a mile, to 
the neighbourhood of Golden Hill and Triffleton, where a number 
of exposures close together combine to yield a fairly complete 
section through the group. The lowest beds and their downward 
passage into the Trefgarn Andesitic Series are seen in a sunken 
lane on the west side of Spittal Common, south of Golden Hill. 
The transition from the Andesitic Series is so complete that it is 
difficult to determine to which group some of the beds should be 
referred. The dip is here steadily northwards at 40°. As we 
descend the lane from the south the hard flinty andesitic ashes are 
seen to pass up into beds which are softer, and weather to the 
colour of yellow ochre. A sandy character gradually becomes 
more pronounced in these yellow-weathering beds; and black 
streaks and lenticles of shaly material make their appearance. 
These shale-lenticles become more important upwards in the 
succession, and soon the strata pass into dark-blue shales, but 
slightly sandy, which might easily be taken for typical Haxtensus 
Shales. These shales are seen at the junction of the lane with the 
Triffeton road. A little higher up in the sequence the shales 
become more sandy, and pass into mottled, shaly, yellow- 
weathering sandstones typical of the Brunel Group, and exposed 
on both sides of the Spittal Brook between Trefgarn and Spittal 
Corn Mill. 

As will be seen from the map (Pl. XL), a fault that passes 
immediately east of these localities, and up the eastern side of 
Spittal Common, introduces a block of country in which the strike 
is north to south, instead of more or less easterly, and the dip is 


1 «The Geology of the Country around Haverfordwest’ Mem. Geol. Surv. 
1914, pp. 21, 22. 
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gently and steadily eastwards. This fault causes a partial repetition 
of the outcrop of the Brunel Beds, which here cover a considerable 
area around Golden Hill and Triffleton, owing to their low dip. 
The beds are associated with a band of flinty, banded, rhyolitic 
ash, 15 to 20 feet thick, which crosses the road at Golden Hill, 
strikes across the Spittal Brook, and proceeds diagonally up a 
tributary valley to the north. Its uninterrupted course across the 
two valleys shows that neither of these valleys at this locality 
follows any fault-lie. A little farther north the band is thrown 
from the western to the eastern side of the tributary valley, by an 
east-and-west fault, and once again strikes diagonally across the 
valley towards the farm of Martinique, where it is finally cut out 
by a powerful east-and-west fault. It is well exposed in crags on 
each side of the Spittal Brook, and in the tributary valley towards 
Martinique. This rhyolitic ash appears to have associated with it 
coarse keratophyric conglomerates, which are exposed in crags and 
in an overgrown quarry near Martinique, and débris is seen at a 
number of localities. A microscopic examination of the pebbles 
and matrix of these conglomerates shows that they have much in 
common with the volcanic conglomerates that form part of the 
Trefgarn Andesites, as exposed in the Cleddau Valley and Spittal 
Tunnel. The pebbles (H 12,585)! are microporphyritic kerato- 
phyres, in which the phenocrysts are all albite or albite-oligoclase, 
and in which a fluxion-structure is generally visible. The matrix 
(E 12,586) consists of fragments of silicified albitic rocks similar 
to those of the Trefgarn Series, and broken crystals of albite. 
There is no fragmental quartz of original character. It is reason- 
able to suppose, from the fact that this conglomerate underlies the 
main mass of the Brunel Beds, that it corresponds to the con- 
elomerate that marks the top of the Trefgarn Andesites in the 
Cleddau Valley. But the detailed mapping suggests the possibility 
that the rhyolitie ash and conglomerate of Golden Hill and Marti- 
nique occur a little way up in the Brunel Beds, and not actually at 
their base. On account of this uncertainty, small portions of the 
map in this neighbourhood have been left uncoloured. 

Stratigraphically above the band of ash and conglomerate comes 
the main mass of the Brunel Beds, well seen in a quarry in the 
river-bank below Triffleton Farm. About 50 feet of strata are 
visible in the quarry where the beds dip a little north of east 
at 15°. They consist of the usual mottled, impure, ashy green- 
grey, yellow-weathering sandstone. The mottling is due to the 
numerous irregular streaks and small lenticles of shaly material, 
and the strata evidently correspond to those of Brunel’s Cutting 
in the Cleddau Valley. They yielded to us numerous Orthids, 
seemingly belonging to two species, also Oallograptus sp., and an 
Orthoceras. A bed in which the argillaceous and arenaceous 
material were more regularly interbanded, yielded an extensiform 
eraptolite. 

1 These numbers refer to registered specimens in the Geological Survey 
Collections. 
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These strata strike northwards up and diagonally across the 
above-mentioned tributary valley, where they are exposed at 
Trefgarn Mill and dip eastwards off the rhyolitic ash-band. 
Higher beds of the group are not so well exposed, but are seen at 
intervals in the lanes and hedges around Triffleton, where they 
seem to retain the lithological character of the beds of the large 
quarry. Upwards they become less sandy, and appear to pass 
rather gradually into normal Tetragraptus Shales. 

Faulting causes the Triffleton rhyolite-band to re-appear in the 
northern bank of the Spittal Brook at Hook Rock, but beds other 
than the rhyolitic ash are not exposed. 

Except for the crag of Hook Rock the country is flat and 
drift-covered. 


(2) The Letragraptus Shales.—Beds referable to the 
Tetragraptus Shales occupy a considerable area up the valley 
of the Spittal Brook towards Ambleston and Wallis. They 
consist of the usual dark-blue shales, and are exposed at a number 
of quarries in the banks of the brook. They are intensely 
cleaved, and are much affected by minor folding as seen from the 
varying dips. Fossils are scarce, possibly owing to the intense 
cleavage; extensiform graptolites were obtained from a small 
quarry in the southern bank of the Spittal Brook, about half a 
mile south-west of Wallis. 

Downwards the Tetragraptus Shales appear to pass into the 
Brunel Beds. No one exposure shows an actual junction, or a 
complete passage; but observations at three distinct localities 
(namely Churchland, Hook, and Nolton) all agree in suggesting 
that the passage is one of transition. 

Upwards the Letragraptus Beds probably pass into the shales of 
the Sealyham Group; but the exact relations of the two groups are 
obscured by strike-faulting and by lack of exposure in the drift- 
covered ground between Rinaston and Ambleston, where the two 
groups are in geographical contact one with the other. 


Tetragraptus Beds west of the Cleddau. 


West of the Cleddau the main outcrop of the Brunel Beds as 
exposed in the old cuttings cannot be traced far, for the rocks 
(after crossing the valley) turn northwards with the andesites, and 
strike towards the Roch Rhyolites of Great Trefgarn Mountain. 
The lowest beds are possibly last seen in the yard of Mountjoy 
Farm close to the rhyolites of Poll Carn, where grey ashy grits 
and andesitic conglomerate probably mark the upper limit of the 
Trefgarn Andesitic Series. 

It is possible that along the southern outcrop of the Trefgarn 
Andesitic Series, between Leweston and Roch, some Brunel Beds 
have been mapped withthe voleanie rocks. The country is badly 
exposed, and both series of rock weather down to the same 
ochreous soil. 


The Tetragraptus Shales form a narrow faulted belt between 
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Trefgarn Bridge and Roch. They are apparently thrust over 
higher Ordovician rocks on the south, and have the Andesitic 
Series as their northern boundary. Their course and _ fossil 
contents have already been described in the Geological Survey 
Memoirs dealing with the districts of Haverfordwest and Milford. 


(d) The Sealyham Group. 


(1) The Sealyham or Wolf’s Castle Shales.—The Sealy- 
ham Shales occupy a considerable extent of ground in the north- 
eastern part of the area, and are well seen in the lower part of the 
Sealy Valley. They consist of dark-blue shales all highly cleaved, 
with several intercalated thin ashy bands that produce small 
features within the shale outcrop, as, for example, above the main 
road at Wolf’s Castle. The general dip is north-westwards beneath 
the Sealyham keratophyres,- but the beds are affected by a 
number of minor folds. These are not often visible, owing to the 
intense cleavage; but, at a roadside exposure 250 yards north of 
Sealyham Lodge, where the bedding is made visible by some 
felsitic ashy bands, the beds are thrown into a sharp overfold, the 
axial plane of which dips northwards at 70°. 

The lithology of the shales agrees in many respects with that of 
the Bifidus Beds of other districts; but, despite careful search, 
most of the exposures examined failed to yield any trace of fossils, 
and the only fossils obtained anywhere were some extensiform 
graptolites from a point on the main road 500 yards north of 
Wolf's Castle, immediately north of the point where a road 
branches off to Sealyham Quarries. It is certain that the shales 
belong either to the Tetragraptus or to the Bifidus Beds, or 
perhaps in part to both groups; but, in view of the lack of 
precision, it seems necessary to apply to them a distinctive name, 
even if only for the time being. The lack of fossils is all the 
more unfortunate, since the beds are succeeded bya thick volcanic 
series, the age of which can at present only be fixed approximately. 

Tt will be seen from the map that the Wolf’s Castle Shales pass 
northwards under the Sealyham keratophyric group; on the west 
they are brought by the Pwll-Strodyr Fault against the Ford 
Beds (p. 528), and on the south they are faulted against the 
Nant-y-Coy Beds of The Barch. Eastwards their exact relation 
to the Tetragraptus Shales of the Spittal-Brook outcrop is un- 
certain, owing, as already mentioned, to strike-faulting and to 
the extensive drift cover. 


(2) The Sealyham keratophyric series.—-The Sealyham 
or Wolf’s Castle Shales pass north-westwards under a thick series 
of keratophyric rocks that are interbedded with at least one 
important slate-band, in which is situated the now abandoned 
Sealyham slate-quarry. The rocks below this slate-band are 
mainly a thick flow, or series of flows, with overlying ashes ; 
those above the slate-band are mainly massive ashes with some 
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lavas, and probably a number of intercalated thin slaty bands. 
The various beds strike diagonally across the Sealy Valley in such 
wise that the succession is fairly well displayed in the numerous 
exposures along the stream and in the steep valley-sides. Folding 
and strike-faulting render any valuation of the total thickness a 
matter of great uncertainty ; but a low estimate would be 600 to 
700 feet. 5 

The lowest important band in the voleanie series is a thick 
keratophyre, or group of keratophyres, exposed east and west of 
Brynhyfrid, and is readily recognizable by reason of a distinctive 
brecciation which is developed to a varying degree at almost every 
locality where the rocks are exposed. The rock itself is greenish 
porphyritic, vesicular keratophyre, in which the characteristic 
brecciation is due to the frequent presence of irregular veins and 
patches of cherty material or of vein-quartz. When the patches 
or veins are of large size they are essentially cherty ; but, as they 
diminish in size, they become increasingly quartzose, until eventually 
they are represented by pure white quartz. The larger patches 
appear to represent muddy material caught up in the lava, altered, 
and more or less completely silicified. A closely similar brecciation 
has been described as occurring in the Abercastle keratophyres, 
which are quite probably on the same horizon as the Sealyham 
keratophyres.! Sections of these rocks (EH 12,587) show that they 
are microporphyritie keratophyres, exhibiting small rectangular 
and quadrate phenocrysts of albite and albite-oligoclase in a 
microlithie albitic matrix with chloritized base. They show slight 
local fluxion-banding, and also betray signs of silicification. 
They differ from the Trefgarn Andesites in the general absence of 
recognizable ferromagnesian constituents, and thus they appear to 
have been essentially felspathic in character. 

This main flow or group of flows can be traced from the eastern 
bank of the Sealy River eastwards to Garn Turne Rocks, where it 
forms a conspicuous tor. It has furnished a large amount of 
débris, which has been spread southwards by glaciation over the 
shale country to such an extent as frequently to mask completely 
the true character of the ground. Hast of Garn Turne Rocks the 
band is faulted out; and similarly, on the west, it appears to 
terminate against a fault, for it does not pass through Wolf's 
Castle Village. 

Above this brecciated andesite comes a small thickness of 
andesitic ashes, some porphyritic, others more flinty and _fine- 
grained, with associated ashy slates. These ashy beds are overlain 
by a slate-band, about 60 feet thick, exposed in Sealyham slate- 
quarry. he slate is fairly dark blue, and is indistinguishable 
from the main mass of slates which underlie the volcanic rocks. 
No fossils have been obtained. 

This slate-band is succeeded by a thick series of volcanic rocks, 


1 A. H. Cox, ‘ The Geology of the District between Abereiddy & Abercastle ” 
Q. J. G.S. vol. [xxi (1915-16) p. 308. 
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readily distinguishable from those below in being mainly pyro- 
clastic. They consist for the greater part of massive felspathic 
ashes, together with some subordinate flows. One of the lavas, at 
a locality just outside the northern boundary of the map, exhibits 
a crude pillow-structure. The brecciation shown by the Sealyham 
keratophyres is probably related to the pillow-structure so well- 
known in many basic lavas. The brecciation seems to take place 
in lavas that are not sufficiently basic to develop a_pillow- 
structure. 

A suecession of hollows roughly parallel to the strike suggests 
the intercalation of softer, possibly slaty strata, with the ashes ; 
and débris obtained from excavations near Sealyham House proved 
the occurrence of a fairly thick slate-band just below the highest 
ash. The highest ash-band is well-exposed at Sealyham Rocks, 
immediately north of the area shown on the map, and what may 
be the same band is visible in a quarry on the main road north of 
Wolt’s Castle. This ash is fine-grained and flinty, with indications 
of lamination on its weathered surface. It differs from most of 
the ashes below in being non-porphyritic, and it bears a strong 
resemblance to the Bifidus Ashes as developed in many areas in 
South Wales. 

The area north of the outcrop of this volcanic series has not yet 
been examined. It would appear that the voleanic rocks are 
succeeded by a thick series of shales; but it is not clear at present 
whether this shale-series is in its normal position, or what is its 
exact age. 

The age of the Sealyham keratophyres is obviously dependent 
on the age of the underlying Wolf’s Castle Shales. Unfortunately. 
these are very unfossiliferous, as already mentioned, so that their 
exact horizon is uncertain. They have only yielded a few 
extensiform graptolites, from which it would appear that the 
voleanie rocks must either occupy a high level in the Tetragraptus 
Shales, or some level in the Bifidws Shales which should normally 
succeed the TYetragraptus Shales. Comparison with similar 
volcanic types at Abercastle (p. 545) suggests a Tetragraptus age. 


Other Keratophyre Outcrops. 

There are in the district two other outcrops of keratophyric 
rocks which probably belong to the Sealyham Group, but are 
isolated from the main outcrop by faulting. 

The Rinaston outecrop.—One of these outcrops is im- 
mediately north-of Rinaston, where débris is abundant in many of 
the fields and the weathered rocks are visible in sand-pits on the 
main road 300 to 400 yards north of Rinaston Farm. The sand- 
pits are 10 feet or more in depth, but even at the bottom the rock 
is in the condition of loose sand, and so badly weathered that it 
is hardly recognizable as an igneous rock. The original rock, 
however, had suffered brecciation of the type that is so character- 
istic of the lower lavas of the Sealyham Group, and this brecci- 
ation still shows as veins and patches of dark fine-grained material 
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in the sand. These veins give the clue to the nature of the 
rock, and their distribution shows that the mass is ¢7 s¢fw. Sand- 
pits in weathered igneous rocks of various types, granites, etc. are 
not uncommon in Pembrokeshire, and the materials are perhaps 
accounted for as the products of pre-Glacial weathering which 
have escaped erosion and dispersion during the Glacial Period, 
owing to their position on the lee side of small hills. 

In general, the rocks of this Rinaston outcrop are badly and 
insufficiently exposed; thus, their exact boundaries and their 
relations to neighbouring sediments are very obscure. The kera- 
tophyres make a small and almost circular hill, and are apparently 
surrounded on all sides by sedimentary rocks; but the boundaries 
are mostly faults. On the north they are certainly separated by 
shales (Sealyham Shales) from the main keratophyres of Sealyham 
and Garn Turne. Eastwards they disappear under the drift- 
covered ground towards Ambieston, and they seem to be separated 
by Tetragraptus Shales from the Ambleston keratophyres (de- 
scribed below). Southwards they come into contact with badly- 
weathered rocks referable to the Brunel Beds. 

As the result of lack of exposures and of the obvious extensive 
faulting, there is no direct evidence as te the age and horizon of 
these Rinaston andesites. But the characteristic brecciation 
observed in the rocks at the sand-pits suggests that they are 
counterparts of the Sealyham—Garn Turne keratophyres. Their 
oceurrence at Rinaston is most readily explained on the supposition 
that they represent a continuation of the Garn Turne band which 
has been bent in a north-and-south direction in agreement with 
the north-to-south strike of country on the south, and that the 
nose of the flexure (on this interpretation, anticlinal) has been 
replaced by faults that introduce a strip of the underlying shales 
between the two igneous outcrops. 


The Ambleston outcrop.—Another isolated outcrop of 
keratophyrie rocks occurs between Ambleston and Wallis. The 
rocks are well exposed in a series of crags above the Spittal Brook, 
where they are seen to consist of compact, greenish-grey, micro- 
porphyritic lavas and ashes, with a dip of 20° to 25° northwards. 

These rocks appear to form a boat-shaped mass that might 
be interpreted as forming the core of a syncline. But all the 
boundaries are probably faults, except possibly the southern margin, 
where the beds may rest conformably upon the underlying 
Tetragraptus Shales. The outcrop cannot be followed westwards 
into the village of Ambleston, aud it is separated from the 
Rinaston outcrop by a drift-filled depression, which, from the 
pense exposures, seems to be situated entirely on Tetragraptus 

rales. 

On account of their geographical association with Tetragraptus 
Shales, it is supposed that the keratophyrie rocks of Ambleston 
are also counterparts of the Sealyham keratophyres, and exist as a 
faulted lenticle. 
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A section of one of the representative masses of these rocks 
shows that the rock (EK 12,584) is of rather unusual character. 
It is a microporphyritie keratophyre with acid plagioclase- 
phenocrysts in a microlithic matrix of albite-oligoclase. In 
addition, however, it contains moderately large decomposed 
phenocrysts of hornblende. A similar rock occurs at Croes Wen 
north-east of Solva, but its relations to the surrounding sediments 
are as yet unknown. 

The exposures at Wallis furnish a splendid example of the 
southward migration of great masses of boulders, pushed off the 
crags by glaciation from the north. The valley of the Spittal 
Brook is almost choked with such boulders, and they completely 
cover even the southern flanks of the valley. This southern 
flank was accordingly shown as an outcrop of igneous rock on the 
old geological maps, but recent excavations and small quarries have 
shown that this ground is really occupied by Tetragraptus Shales. 
It furnishes an object-lesson in the necessity for caution in this 
district, in regarding even extensive masses of blocks of igneous 
material as indicative of an outcrop, especially if the masses are 
anywhere south of a known outcrop of similar material. 


(e) The Roch Rhyolitic Series. 


The Roch Rhyolitic Series forms a more or less continuous 
ridge from the Trefgarn Rocks to Roch Castle. It is divisible, as 
in the Cleddau Valley (p. 527), into two main groups: a mass 
of flinty bluish rhyolites and ashes, and a higher group of bedded 
and less siliceous rhyolitic ashes (Nant-y-Coy Beds). The flinty 
rocks do not form a continuous band, but appear at intervals, 
sometimes at the base and sometimes towards the middle of the 
outcrop. The flinty rocks of Trefgarn Rocks range up into Great 
Trefgarn Mountain, and form the prominent crags of Maidens 
Castle and Poll Carn. Here their upper boundary turns into the 
southern boundary-fault, and the whole of the outcrop, thence 
through Leweston Mountain to Plumstone, is occupied by Nant-y- 
Coy Beds. An old quarry at the western end of Great Trefgarn 
Mountain shows these beds to be striped, pale blue-grey, pyritous 
shales, dipping east of south at 30°. The flinty rocks appear to 
make a sinall outcrop on Plumstone Mountain, and are answerable 
for the landmark known as Plumstone Rock. A similar 
detached boat-shaped outcrop occupies the Beacon on Dudwell 
Mountain, and the final mass is that of Roch, on the crags of which 
stands the picturesque Castle that forms one of the most noted 
landmarks of Pembrokeshire. Northward, these flinty lavas and 
ashes are invariably followed by Nant-y-Coy Beds; but on Cuffern 
Mountain there is evidence of a lower member of the series than 
is exposed elsewhere along the outcrop. Some old quarries north 
of Cuffern House show a considerable thickness of rhyolitic breccia 
in which the pale rhyolite-fragments are markedly contrasted 
with a dark-grey matrix. This breccia can be traced along the 
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south side of Cuffern and Dudwell Mountains: that is to say, 
where the outcrop of the rhyolitie series as a whole appears to be 
the widest. Itis probable that these breccias are faulted out in 
the Cleddau Valley, and that they constitute a group lower than 
the flinty rhyolites and ashes. 

The nature of the boundaries of the Rhyolitic Series between the 
Cleddau and Roch makes it quite clear that they are faults; but 
actual junctions with adjacent formations are in no instance exposed. 


Age of the Roch Rhyolitic Series. 


The age of two of the three volcanic series in the area under 
description is fixed either definitely or approximately. The 
Trefgarn Andesitic Series is definitely proved to occupy a low 
horizon in the Arenig, since it passes eonformably upwards into 
Tetragraptus Beds. The Sealyham Keratophyric Series is under- 
lain by shales that contain extensiform graptolites, and is therefore 
at a high level in the Yetragraptus Beds or low down in the 
succeeding Bifidus Zone. But the age of the Roch Rhyolitic 
Series cannot be settled by direct evidence, and it seems most 
probable that this series is of pre-Cambrian age. When we 
commenced the examination of the unsurveyed portion of the 
district, we were inclined to think that the rhyolitic series was of 
Arenig age, and that it formed an upper part of the Trefgarn 
Voleanic Series. This was a natural inference, in view of the 
following facts :— 

(i) the proved Arenig age of the andesites ; 


(ii) the close association of andesitic and rhyolitic groups over many miles 
of country ; 


(iii) fossiliferous Arenig rocks in the Cleddau Valley dip consistently 
towards the rhyolitic series, which appeared therefore to be part of 
an ascending sequence. 


But, as a wider area was examined, the difficulties of assigning 
an Arenig age te these rhyolites became manifest. 

Both the southern and the northern boundaries of the rhyolitic 
outcrop are clearly determined by strike-faults. Along their 
southern boundary the rhyolites are faulted in turn against 
Tetragraptus Shales, against an ascending succession of the 
Brunel (Lower Tetragraptus) Beds, and against Lingula Flags, 
the newer beds being on the east as the result of an eastward 
pitch. Along their northern boundary the rhyolites are faulted 
in turn against Sealyham Shales (Hxtensus or Bifidus Beds), 
Ford Beds (uncertain age, Middle or Upper Cambrian), and against 
the Cambrian and pre-Cambrian Rocks of the Hayscastle mass. 
Here again, it would appear that an eastward pitch causes the 
newer rocks to appear on the east. For, on the west, the rhyolites 
are interposed between Lingula Flags and the pre-Cambrian, while 
on the east they are interposed between various divisions of the 


<The Geology of the Country around Milford’ Mem. Geol. Sury. 1916, 
p. 39. 
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Arenig Series. At first sight, it would seem that the succession is 
more nearly complete towards the east in the neighbourhood of 
the Cleddau Valley. There the rhyolites follow on an ascending 
succession of Brunel Beds, and, although the junction is Cle: wly 
faulted, there would still be grounds for assuming that the true 
horizon of the rhyolites is at the top of the Brunel Beds, or perhaps 
at some higher horizon in the Arenig-Llanvirn Series. 

As the survey of the ground on the east continued the structure 
there revealed negatived the supposition that the true place of the 
rhyolites is at the top of the Brunel Beds: for, at three different 
localities in the valley of the Spittal Brook (namely Nolton, 
Churehland, and Hook), there appears to be a fairly complete 
sequence from the Brunel Beds into the Yetragraptus Shales. 
At Churchland there is no sign of any rhyolitic beds at all. 
At Hook there is a small outcrop of rhyolite, which can be 
correlated with the thin rhyolite-band seen in the Brunel Beds 
south-west. of Triffleton, and thus does not in any way compare, 
as regards either position or magnitude, with the development of 
the Roch Series on Great and Little Trefgarn Mountains. At 
Nolton there is much rhyolite-débris associated with the 
Tetragraptus Shales. It is possible that this may represent 
another thin rhyolite-band comparable with, but at a slightly 
different horizon from, that of the Golden Hill band; but, more 
probably, it is glacially transported material from the crags of 
the main rhyolite of Little Trefgarn Mountain. A diminishing 
trail can be followed southwards all the w ay from Little Trefgarn 
to Nolton. The evidence at the three localities is fairly conclusive 
that there is no thick rhyolitic series between the Brunel Beds and 
the Tetragraptus Shales. Further, it is difficult to imagine that 
the Roch Rhyolites, after maintaining a considerable thickness 
over the 7 miles from Roch to Little Trefgarn, should suddenly 
die out in the 1 mile between Little Trefgarn and the Spittal 
Brook. 

Even if such a rapid attenuation were possible for the rhyolites 
proper, it is yet more unlikely that the thick pyroclastic series of 
the Nant-y-Coy Beds, which is always associated with the rhyolites 
and is present in force on Little Trefgarn, should suffer so rapid 
an attenuation as to cause it to disappear completely in a single 
mile. It is further unlikely that at all three localities the 
rhyolitic rocks are cut out by strike-faults, since there is no sign 
of such faults in the neighbouring rocks, in which dips are constant, 
and the sequence appears to be complete and undisturbed to any 
noteworthy extent. The inference is that the Roch Rhyolitic 
Series does not normally occur at the top of the Brunel Beds. 
Further, there is no sign of any rhyolitie rocks in the wide outcrop 
of the thick shale series which succeeds the Brunel Beds and 
includes the Tetragraptus Shales of Spittal Brook and Wallis, 
and the Wolf’s Castle Shales of the Sealyham area. We conclude, 
therefore, that the field-evidence is against the view that ine 
Roch Rhyolites occupy any horizon in the Arenig Series. 
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In comparison with developments of the Ordovician System in 
other parts of Pembrokeshire, the next horizon at which a 
rhyolitic series might be expected is near the top of the Bifidus 
Beds, at which stratigraphical position occur the widespread 
rhyolitie rocks of the North Pembrokeshire coast (Ramsey Island,, 
Abereiddy Bay, Fishguard, ete.). But structural considerations 
render it extremely unlikely that the Roch Rhyolites occur high 
in the Bifidus Series. Their geographical association is with 
formations ranging in age from early Arenig to pre-Cambrian. 
To postulate a Bifidus age for the rhyolites would mean that a 
great strip of newer rocks has been faulted down into an extensive 
tract of country, otherwise consistently occupied by older 
formations. The nearest points to the Roch and Trefgarn outcrop 
at which the Bifidus rhyolitie series occurs, are Fishguard, 8 miles 
away to the north, and the western extremity of the Prescelly 
Mountains, 5 miles away to the east. Since the nearest rhyolite- 
outcrops are so distant, and there are no occurrences of rhyolite m 
the intervening shale-country, it is most unlikely that the Bzfidus 
rhyolites should suddenly be introduced among the older beds of 
the Trefgarn district. We consider, therefore, that the possibility 
of a Llanvirnian age for the Roch Rhyolites may.be disregarded. 

If the Roch Rhyolites are neither of Arenig nor of Llanvirn 
age, it is improbable that they are of Ordovician age at all, and 
therefore the likelihood of their being pre-Cambrian must be borne 
in mind. Several considerations support this latter hypothesis. 
Along the central stretch of its outcrop the rhyolitic series is in 
actual contact with the pre-Cambrian rocks of the Hayscastle 
mass, and the upper part of these pre-Cambrian rocks consists of 
rhyolitic lavas and tuffs. There is certainly a distinct resemblance 
between the Nant-y-Coy Beds and the Ramsey-Sound Beds that 
constitute the highest visible pre-Cambrian rocks of the St. David’s 
district. On the assumption that the Roch Rhyolites are pre- 
Cambrian, their geographical position between Lingula Flags and 
the Hayscastle pre-Cambrian mass is readily explained. Also ‘the 
structures which have brought about the geographical sequence of 
Lingula Flags, Roch Rhyolites, Nant-y-Coy Beds, Hayscastle 
pre-Cambrian, would represent a natural continuation of the very 
characteristic structures in the ground immediately to the south, 
where the country consists of a series of strips with the strata 
in each strip dipping northwards, each block being bounded on its 
northern side by a fault that brings up older strata. Accordingly, 
there is a strong case in favour of the Roch Series being of pre- 
Cambrian age, and possibly an equivalent of part of the Pebidian 
Series of St. David’s. 

It is somewhat difficult to compare the Roch Rhyolites with 
any of the known pre-Cambrian rocks of Pembrokeshire; but 
the greatest resemblances are exhibited by the members of the 
Rhindaston and Gignog groups of the Hayscastle district. 


1H. H. Thomas & O. T. Jones, Q. J. G.S. vol. Ixviii (1912) pp. 885-87. 


— -_— —_ —— 


part 4:] THE VOLCANIC SERIES OF TREFGARN, ETC. 543 


The main difference is that the Rhindaston Rhyolites are 
essentially quartz-bearing, small porphyritic crystals of quartz 
being visible to the unaided eye; while phenocrysts of quartz are 
usually absent from the rocks of the Roch Series. It must, of 
course, be borne in mind that the Rhindaston and Gignog group 
was invaded by quartz-porphyries and granites of Dimetian age, 
but so far no intrusion of any kind has been observed to cut the 
Roch Series. This may indicate, as Hicks originally suggested, 
that the Roch Series is later than any of the neighbouring pre- 
Cambrian masses with whieh we are acquainted, and referable 
therefore to a different group. 


V. Tue GEOLOGICAL SrructTuRE. 


The general disposition of the rocks of this district, as indicated 
on the map (Pl. XL), shows the usual Western Welsh strike 
of east-north-east to west-south-west to be dominant. The strue- 
ture of the area as a whole is largely controlled by the great 
anticline that brings up the pre-Cambrian mass of Hayscastle 
on the north and by a subsidiary anticline on the south, of which 
the northern thrust-limb accounts for the position of the Lingula 
Flags of Trefgarn and Lady’s Cross. 

The northward-dipping succession visible in the Trefgarn Bridge 
and Spittal-Tunnel section (p. 529), where older beds appear 
towards the north in order of increasing age, must point to the 
successive southward thrusting of the formations present in the 
northern limb of an anticline. This structure holds good for 
the whole belt of country lying south of the southern andesitic 
outcrop between Trefgarn Bridge and Roch. 

The belt of Lingula Flags is in the nature of a horst, and, as we 
proceed northwards, it is obvious that the andesites and Brunel Beds 
of the Cleddau Valley form the northern part of another anticline 
that has been thrust over the Lingula Flags with the almost 
complete sacrifice of its southern limb. A similar anticlinal 
structure is also suggested. by the Roch and Nant-y-Coy rocks— 
the southern limb and the syncline that should exist between them 
and the Brunel Beds being represented by an overthrust or fault. 

The pitch of these major folds changes its direction on either 
side of a roughly north-and-south line drawn through the centre of 
the district. On the east the structures pitch eastwards and vice 
versa, so that anticlinal outcrops of the older rocks narrow in both 
directions and finally disappear. East of the Cleddau Valley the 
eastward pitch of the folds is clearly brought out, as around 
the eastern portion of the Hayscastle Anticline, by a marked 
change in the strike of certain beds to north-and-south. 

A disturbance of an entirely different type is the great north- 
west line of faulting which has been termed the Pwll-Strodyr 
Fault. This fault pursues a gently curving course from Pwll 
Strodyr on the northern coast, and enters the north-east of the 
area now being considered, where it forms the eastern boundary of 
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the Hayscastle mass, and throws the Sealyham Group against the 
older rocks. A little farther south the fault either dies away, or is 
deflected by, or into, one of the east-and-west strike-faults : for the 
outerop of the Nant-y-Coy Beds crosses the fault-line without 
displacement. Such a deflection is rather unexpected, since along 
other parts of its course the Pwli-Strodyr Fault seems itself to 
traverse and displace all the east-and-west structures. It is true 
that a little farther south the line of faulting is continued by some 
faults of small throw; but their effects are not in any way 
comparable with the great disturbance along the Pwll-Strodyr 
Fault proper. Further, it is certain that no fault of any magni- 
tude crosses the outcrop of the Brunel Beds of Spittal Brook. The 
visible course of the Pwll-Strodyr Fault from the coast to the 
outcrop of the Nant-y-Coy Beds at Little Trefgarn is about 
8 miles, so that the sudden disappearance is somewhat remarkable. 
The major folds and faults that affect this district are, as was 
pointed out in connexion with the Hayscastle district, most 
probably of pre-Carboniferous age ; for, in the district immediately 
to the west the Upper Carboniferous rocks transgress all the other 
Paleozoic formations, and are themselves unaffected by the intense 
east-and-west disturbances that have affected the older rocks. 


VI. CoRRELATION, 


(a) South Wales.—No other area in South Wales shows a 
sequence identical with that of the Trefgarn district, for the reason 
that the Trefgarn Andesites are of a type almost unique in 
Wales. Accordingly, for purposes of correlation, it will be con- 
venient to consider each group in turn and discuss its probable 
equivalents elsewhere, rather than to describe variations of the 
whole sequence as exhibited by a number of districts. 


The age of the Roch Rhyolitie Series, cluding the Roch 


Rhyolites and the Nant-y-Coy Beds, and their possible equivalents 
in other areas has already been discussed (p. 540). 

The Trefgarn Andesites occupy a position at or near the base of 
the Arenig Series, and have no certain equivalents in South Wales, 
nor are their petrological characters represented elsewhere. Evi- 
dence of voleanic activity on approximately the same horizon may 
be drawn from Llangynog! in Carmarthenshire and from Henllan 
Amgoed? on the borders of Carmarthenshire and Pembrokeshire. 
The voleanic series of Skomer Island, although probably of Arenig 
age, cannot be directly dated, nor is the erupted material in any way 
comparable. The rocks at Llangynog which are associated with 
Llanvirn and Arenig sediments certainly have points in common 


''T. C. Cantrill & H. H. Thomas, ‘The Igneous & Associated Sedimentary 
Rocks of Llangynog’ Q. J. G.S. vol. lxii (1906) p. 228. 


° H. H. Thomas, in ‘ The Geology of the Country around Haverfordwest’ 
Mem. Geol. Surv. 1914, p. 17. 


% Td., ‘The Skomer Volcanic Series’ Q. J. G.S. vol. Ixvii (1911) p. 175. 
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with the Trefgarn Andesites. Moreover, it is probable, though 
not capable of proof, that they occur on approximately the same 
horizon. At Henllan Amgoed the lowest rocks exposed are Arenig 
sediments that carry a Callograptus fauna, and are associated with 
ashes of andesitic or keratophyric composition. Possibly the 
Henllan Anticline has not~- been sufficiently eroded to expose 
the voleanic horizon of Trefgarn, but only the equivalents of the 
Brunel Beds. 

The absence of any trace of volcanic rocks at all the other 
numerous localities in Pembrokeshire where Lingula Flags and 
Arenig Beds are in contact is not wholly explained by the fact 
that the junctions are usually faults. The true explanation is 
probably that the Arenig in Pembrokeshire is unconformable to the 
rocks below and that the unconformity was attended by overlap 
among the lower members of the Arenig Series. Evidence for this 
unconformity is found in the invariable absence of true Tremadoc 
rocks, in the local distribution of the Trefgarn Andesites which 
occur at or near the base of the Series, and in the variable 
thickness and development of the overlying Brunel Beds or their 
equivalents in other localities (see below). It seems highly 
probable that there must have been overlapping among these 
shallow-water sandy strata, and that usually they trangressed 
directly on to Upper Cambrian rocks with the possible obliteration 
of the older volcanic series. 

The sandy Brunel Beds have their nearest equivalents in the 
Abercastle and Porth Gain Beds of the northern coast.! The 
lithology, the fauna so far as known, and the relation to the 
overlying Zetragraptus Shales, are all identical in the two areas. 
The supposed Tremadoe of Hicks on Ramsey Island? and in 
Whitesand Bay? has been shown to be equivalent to the sandy 
Arenig Beds of North Pembrokeshire. 

In districts farther east the Tetragraptus Shales are underlain 
by a series of mudstones and grits to which the name Ogygta- 
selwynt Beds has been applied. This lower series is well developed 
in the Carmarthen and Whitland districts, more especially in the 
anticlinal area of Henllan Amgoed, first described by the late 
T. Roberts. There is little doubt that the Brunel Beds are their 
equivalents as regards horizon, and the ashy character of some of 
the lowest beds at Henllan Amgoed furnishes confirmation of this 
view. 

The Vetragraptus Shales are so well known, and cover such 
large areas in South Wales that their correlation need not be 
discussed. 

The exact position of the Sealyham keratophyres is unfortunately 


1 A. H. Cox, ‘ Geology of the District between Abereiddy & Abercastle’ 
Q. J. G. S. vol. Ixxi (1915-16) p. 283. 

2 J. Pringle, Geol. Mag. 1911, p. 556. 

3 A. H. Cox, Q. J. G.S. vol. lxxi (1915-16) p. 290. 

4 For details of the Arenig Succession in the Whitland district, see ‘ The 
Geology of the Country around Haverfordwest’ Mem. Geol. Surv. 1914, p. i4. 
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somewhat uncertain. It has, however, been shown that they must 
either occupy a position high up in the Tetragraptus Shales, or 
somewhere in the succeeding Bifidus Beds. In neighbouring 
areas voleanie rocks are represented by the keratophyres at 
Abercastle near the top of the Yetragraptus Shales,! and by 
rhyolites at Llanrian, Fishguard, and elsewhere which appear near 
the top of the Bifidus Zone. Some of the Sealyham keratophyres, 
in particular those of the lower mass which forms Garn Turne, etc., 

resemble the Abercastle keratophyres very closely. The curious 
brecciation noticeable in the rocks. of both districts is especially 
striking. The rocks are again similar, in that the Abercastle 
keratophyres are followed after a short ‘interval by Biidus Ash, 
and the Sealyham rocks are also followed by an ash-band of which 
the lithology compares closely with that of the Bifidus Ash 
of many South Welsh localities. The most noteworthy difference 
between the voleanie series in the two areas is the considerable 
development of pyroclastic rocks at Sealyham, whereas lavas alone 
are represented at Abercastle. Despite this difference, it appears 
probable that the Sealyham rocks are to be correlated with the 
Abereastle keratophyres. The re-investigation of the intervening 
country is not quite complete; but it would seem that the 
Abercastle keratophyres extend as far as Priskilly Fawr? where 
they end eastwards against the Pwll-Strodyr Fault, only 2 miles 
north of Sealyham. It is probable that they re-emerge on the 
east side of the fault as the Sealyham keratophyres. 

Considering the sequence as a whole, from the Lingula Flags 
upwards, the Abercastle district offers a closer comparison with 
Trefgarn than any other district in South Wales, the only essential 
point of distinction being the absence at Abercastle of any 
representative of the Trefgarn Andesites. 


(6) North Wales: Rhobell Fawr.—lI¢ is curious that it is 
necessary to go as far as North Wales, to Rhobell Fawr in the 
Dolgelley district, in order to obtain the best parallel of the 
Trefgarn sequence. And a further curious coincidence is that just 
as the Trefgarn sequence is unique in South Wales, so the Rhobell 
Fawr sequence is unique in North Wales. We are “indebted to the 
kindness of Mr. A. K. Wells for allowing us to mention some of 
the results of his re-examination of that area, which he expects to 
communicate to the Society in the near future. On Rhobell Fawr 
a series of porphyritie andesites including lavas and tuffs, often 
purple in colour, rests unconformably upon Upper Cambrian rocks, 
and is succeeded by arenaceous beds of Arenig age. 

These volcanic rocks are purely local in their distribution, and 
their rapid disappearance is apparently due to overlap by the 
higher arenaceous strata. The resemblance to the Trefgarn 
Andesites is thus most pronounced, even to the distinctive 


1 A, H. Cox, Q. J. G.S. vol. Ixxi (1915-16) p. 308. 
Fae We Elsden, ibid. vol, lxi (1905) p. 597. 
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coloration of the rocks. It is possibly more than a mere 
coincidence that these two sets of purple andesites and tuffs 
which are otherwise unique in stratigraphical position, should both 
be restricted to the south-eastern margin of great domes of 
older rocks: namely, the Harlech Dome and the Hayscastle mass 
respectively. : 


VII. Summary anp Concrustons. 


The area dealt with in this paper lies in Northern Pembroke- 
shire, and stretches from Roch on the west, across the valley of 
the River Cleddau, to Ambleston on the east, a distance of some 
9 miles. 

The rocks for the greater part strike approximately east and 
west, and the district is dominated by an east-and-west elevated 
tract formed of rhyolitic lavas and ashes (Roch Series) that extend 
from Roch to the gorge of the Cleddau, by way of Cuffern and 
Piumstone Mountains. 

The lower ground on the south and east is occupied by rocks of 
Upper Cambrian and Lower Ordovician age, and in the latter we 
have recognized and mapped two distinct volcanic series, to which 
we have applied the names Trefgarn and Sealyham respectively. 
The Trefgarn Andesites can be demonstrated to occupy a low 
position in the Arenig Series; while the Sealyham keratophyric 
rocks oceur ona higher horizon, either at the top of the Arenig, or 
in the lowest portion of the Llanvirn Series. 

The stratigraphical position of the Roch Rhyolitic Series cannot 
be proved by direct evidence; but the structure of the district: 
and the observed succession of the neighbouring Cambrian and 
Ordovician rocks strongly suggest a pre-Cambrian age. This series. 
was claimed to be pre-Cambrian by the late Dr. Henry Hicks, and 
to form part of his Arvonian Group; but he erroneously included 
the Trefgarn Andesites. : 

The geological sequence and the continuity. of outcrops are 
much disturbed by strike-faulting. 


In conclusion, we wish to express our thanks to Prof. O. T. Jones, 
who worked with us over the sections in the Cleddau Valley; and 
one of us (A. H. C.) wishes to acknowledge a grant from the 
Royal Society which helped to defray part of his expenses. 
connected with the investigation. 


EXPLANATION OF PLATE XL. 


Geological map of the Roch-Trefgarn-Ambleston district, on the scale of 
1 inch to the mile, or 1: 63,360. [In the reference to Ford Rocks, 
£Q. J. G.S. vol. xlviii’ should read ‘Q. J. G.S. vol. Lxviii.’ 
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DISCUSSION. 


Mr. J. F. N. Green remarked on the support afforded by this 
paper to the views of the late Dr. Hicks with regard to the 
age of the Roch Castle rock, and on the success of that worker 
in hthological correlation in a most difficult district. He 
thought that the Authors’ determination of the position of the 
andesitic series might throw light on the curious occurrence of 
intrusive andesites, resembling lavas in many respects, in the 
Lower Cambrian-and pre-Cambrian west of St. Davids. 

The Prestpent (Dr. J. W. Evans) drew attention to the 
imterest of the question of the relative age of the late pre- 
Cambrian eruptives. Those at St. Davids appeared, from Mr. 
Green’s work, to have been separated from the Cambrian by a 
desert period. 

Dr. H. H. Taomas, replying on behalf of the Authors, wished to 
associate himself with Mr. Green in paying tribute to the worl 
of the late Dr. Hicks, who, although he had committed several 
errors, had done more than most investigators to place the strati- 
graphy of the older Palaeozoic rocks on a firm footing. 

In answer to the President, he stated that, unlike the pre- 
Cambrian rocks of Hayscastle and Brimaston north of the area 
deseribed, the Roch Rhyolitic Series was not penetrated by any 
intrusive masses. This might suggest that, if pre-Cambrian, the 
Roch series was younger than the pre-Cambrian rocks of the 
adjoining district. 
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I. IntTRODUCTION. 


Tue flow of dacite to be described crops out in the face of the cliff 
bordering the north of Hamarfjord—one of the deep incisions into 
the Tertiary basalt-plateau of South-Eastern Iceland. A mass of 
acid rock occurring in a district entirely built up of dark basaltic 
lavas—it attracts attention by reason of the light colours of its 
different lithological members, and its unusually abundant scree- 
formation. It is known as the ‘ Rauthaskritha’, or ‘red scree’, 
and has been described by all geologists who have visited the 
district. 

C. W. Paijkull examined this occurrence of ‘trachyt’, and 
regarded it as a dyke, giving a diagrammatic section in illus- 
tration (2).!. The dyke is shown more than half a mile thick 
cutting through the basaltic series, and terminated above by one of 
the basalts. A glassy facies is observed at the two vertical margins 
and also on the top. The mass exhibits contorted banding, and is 
cut by dolerite-dykes which fail to penetrate the overlying basalts. 
The country-rocks are quite undisturbed, and no suggestion is put 
forward as to how room was made for this remarkable intrusion. 
Other writers, Th. Thoroddsen (12) and A. Helland (6), have 
admitted the intrusive nature of the rock. 

After making a detailed examination of this occurrence in the 
course of three summer visits, I have come to the conclusion that 
it represents a lava-flow. 


The Rocks of the District. 


These are regularly bedded plateau-basalts with interbasaltic 
partings of red lateritic deposits, dipping 5° to 7° westwards. 


Magnilicent sections from 2000 to 8000 feet in height are given 


1 Numerals in parentheses refer to the bibliography, §VI, p. 565, 
2P 2 
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by the steep valley and fjord walls, and the series is almost exclu- 
sively volcanic, sills being rare. Plant-remains found at various 
horizons in Eastern Iceland indicate a Tertiary age for the lavas ; 
but no base to them has yet been discovered, and the possibility of 
a Cretaceous age for the lower members cannot be ruled out. 
The series is pierced by a great number of dolerite-dykes which 
stand out as walls on the raised-beach platform that provides the 
habitable part of the Hamarfjord region. With the exception of 
a few quartz-porphyry and composite dykes the rocks of the 
district are basic. Some 2 miles distant is the famous locality for 
zeolites, Teigarhorn in Berufjord. The dykes and fracture-lines 
have a constant north-north-easterly direction. 


Il. Fretp RELATIONS AND ORIGIN. 


The Rauthaskritha. 


The vertical section of the acid mass is that of a rectangle tilted. 
westwards with the basalts. The screes hide the lower part of 
the cliff; but I was fortunate in discovering basalts underlying 
the dacite, and the recognition of this base makes the conception 
of a dyke untenable. The homogeneous magma has, under the 
various conditions of cooling, given rise to a great variety of 
rock-types. 

Fig. 1 (p. 551) shows the actual features of the cliff, where not 
covered by scree. The dacite appears broader at the top, because 
its vertical boundary-walls are converging towards the observer, 
and the cliff has a backward slope. 

The main mass is a fine-grained rock containing felspar-pheno- 
crysts 2mm. long. It is grey and compact below, white and porous. 
above. <A red colour is developed on weathering, and this is espe- 
‘cially notable in the upper eastern exposures. Flow-banding is 
prominent, and the rock splits readily into plates. Slabs in the 
serees are often hexagonal, revealing an incipient columnar struc- 
ture across the parting, although this gives rise to no feature in 
the cliffs. The banding is even and horizontal in the lower part 
of the mass; but it becomes contorted higher up, and curves round 
to stand vertically in places at the top. It is impossible to make 
out any regular disposition of these bands. 


The Peripheral Rocks. 


Wherever the contact with the basalts is seen, a glassy facies is 
present—varying in thickness from 6 to 30 feet—and spherulitic 
structure is developed in places, especially at the vertical contacts. 
At the eastern end is a wall of black and green obsidian and 
pitchstone, 500 feet high, and commonly 6 to 12 feet thick, but 
swelling out to 30 feet in the middle of the exposure. This glassy 
rock weathers into rounded and angular masses, giving a con- 
glomeratic and brecciated appearance, and at the base contains 
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fragments of vesicular basalt up to 1 foot in length. Some of the 
pitchstone bears scattered spherulites 3 to 5mm, in diameter ; but 
these bodies may increase to form the whole rock, which is then 
made up of closely fitting polygons. The larger spherulites are 
hollow. 

At the western boundary is a wall of obsidian averaging 15 feet 
in thickness, which can be followed for 180 feet. Towards the 
lithoidal dacite, spherulitic structure is developed and the weathered 
rock is in places a mass of spheres, some being 3 inches in diameter. 
This glassy wall is lost in scree above and below (fig. 1, p. 551). 

The section (fig. 2) illustrates the occurrence of the basal portion 
of the mass, as revealed in the eastern part of the scree-slope. 


Fig. 2.—Detail of the base of the dacite. 
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feet. 


v= Basalts 2=Brecciated obsidian. 3= Banded pitchstone. 
4= Banded dacite. 5=Dolerite-dyke. 


The glassy facies is 20 feet thick,"and may be divided into a lower 
brecciated layer and an upper banded pitchstone, which latter passes 
gradually upwards, without the development of spherulitic struc- 
ture, into the regularly banded dacite. The banding is generally 
horizontal, but dips into the cliff in places, indicating flow on an 
uneven floor. The junction with the overlying basalts is hidden 
in the middle and eastern part, and no glassy types were seen 
im situ. The top of the mass gives rise to a broad platform below 
the cliff-wall of the upper basalts, and one block of obsidian was 
found here, indicating the former presence of the glassy shell. 
At the western end obsidian caps the contorted lithoidal rock. 
It is from 10 to 20 feet thick, and forms the top of the platform 
here (fig. 4, p. 553). 
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Detail of the lower eastern corner exposure of dacite. 


Fig. 3. 


feet 


- 1=Basalts. 2—=Red parting. 3=Basalt beneath the acid flow. 
4 —Pitchstone and lithoidal dacite above. 5—=Basalt-breccia. 


Relationship to the Plateau-Basalt Series. 


Two features are notable: the lack of any disturbance, fault, or 
fold in the adjoining rocks; and the vertical boundaries where the 
basalts are suddenly cut off by the glassy walls. At the eastern 


Fig. 4.—Relationship of the overlying basalts to the dacite at 
the eastern end of the upper obsidian exposure. 
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1=Basalts with vesicular upper and lower boundaries. 2—Glassy facies 
of dacite. 3=Lithoidal dacite with contorted banding. 


4=Interbasaltic beds. 5=Dolerite-dyke. 
boundary the individual basalts are vesicular above and below, but 
not along the vertical contacts. A fault-plane separates these 
basalts from those underlying the dacite, and there is some 


554 MR L. HAWKES ON AN OLIVINE-DACITE IN THE [vol. lxxx, 


development of breccia here. The western boundary exhibits 
similar features: the base, however, is hidden by scree. 

The relationship of the top of the mass to the overlying basalts, 
at its western end, is shown in fig. 4 (p. 553). No faults occur in 
the upper basaltic series, and the way in which the basalt-flows 
thin out against the dacite is clearly indicated. 


Intrusions. 


Many dolerite-dykes trending north-north-eastwards pierce the 
whole series. The dacite is often brecciated in their vicinity, and 
they pass upwards through the overlying rocks, and do not terminate 
at the cover as shown in Paijkull’s section. 


Origin. 


The dacite has resulted from the cooling of magma in its present 


position. This is clear from the presence of a glassy facies at all . 


visible contacts, and there can be little doubt that the obsidian 
shell was originally continuous. At the eastern contact a thin skin 
of pitchstone was observed adhering to one of the basalts. The 
mass cannot have been faulted down. 

It is nota dyke. ‘The presence of a base makes that clear, apart 
from the difficulty in accounting for its truncation above. If an 
intrusion, it must have resulted from a subterranean subsidence. 

This explanation is difficult to accept for two reasons. First, 
the nature of the rock, with its thick and irregular glassy facies, 
and the contortion of the banding, is quite unlike that of other 
intrusive masses in Iceland—in which a glassy phase is usually 
absent, or but slightly developed, and banding, where present, much 
more regular. Secondly, the way in which the vesicular bases of 
the overlying basalts rest against the obsidian slope rules out the 
possibility of this being a fracture formed at the time of intrusion. 

These two points are indicative of an extrusive origin for the 
dacite. The vertical section is that of an acid lava The upward 
succession of (1) brecciated obsidian, (2) banded pitchstone, 
(8) compact horizontally-bedded dacite, passing gradually into 
(4) dacite with contorted banding and capped by (5) obsidian, is 
characteristic of many undoubted flows in Eastern Iceland. The 
disposition of the banding is easily understood. At the bottom 
the lava flowed evenly under its own weight, but at the top 
viscosity had freer play. The section of the upper western part 
points to the submergence of the rhyolite by successive basalt- 
flows. 'The main difficulty in accepting the extrusive hypothesis is 
provided by the vertical sides. No lava 500 feet thick, and 
spreading out 1000 yards, will have vertical boundary-walls. 
The basalts abutting against the sides have clearly been cut off by 
fracture, as shown by the absence of vesicular structure or fineness 
of grain at the contact. No acid fragments occur between the 
basalts in the neighbourhood of the junction, and the lava did not 
spread out on a plain to be subsequently submerged by basalts. 
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The suggestion here advanced is that a subsidence took place in 
the basalt-plateau, and that an acid lava filled the depression. This 
dacite had a sloping upper surface, and successive basalt-flows first 
covered its western portion and finally the whole (fig. 5). The 


Fig. 5.—Diagrammatic sections illustrating the 
sequence of events. 


Baca Danie 
Basalt-Flows 


1=Subsidence of a tract of basalts. 2—EHxtrusion of dacite-lava: the black 
border represents the glassy and spherulitic facies. 8=Submergence of 
the dacite beneath succeeding basalt-flows, and subsequent intrusion of 
dolerite-dykes. 


absence of an obsidian shell in the upper eastern part of the mass 
and the very weathered character of the dacite there may be due to 
contemporaneous erosion of what was the higher part of the flow. 
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In plan (fig. 6) it is seen that the eastern boundary is parallel to 
the line of fracture associated with the intrusions of Eastern 
Iceland; but the western boundary is not, and the depression may 
have been a cauldron-subsidence. The dacite cannot have extended 
far, as no trace of it is seen on the south side of Hamarfjord or in 
Bulandsdal to the north. 

The explanation here given accounts for the intrusive and extru- 
sive relations exhibited “by one and the same rock-mass. It is 
remarkable that the lava should have filled the depression along 
the line of the cliff-face, and not overflowed on to the basalt plain. 

The Rauthaskritha is another instance of an acid extrusion occur- 
ring in the midst of a suite of basic ones (19). Generalizations 


Fig. 6.—Plan of the Rauthaskritha. 


The continuous line marks the outcrop of the glassy facies at W, the vertical 
sides; B, the base; and T, the top of the dacite. The enclosed area is 
lithoidal dacite. 


that the progressive differentiation of magmas will give rise to a 
rock series showing even gradations of composition have blinded 
some observers in Iceland to the facts, and many of the acid extru- 
sives in the plateau-basalts have been regarded as intrusions. The 
coexistence of acid and basic rocks is the most striking feature of 
the Icelandic region, and led Bunsen to formulate the theory of two 
original magmas (1). Inall phases of igneous « ive, 
plutonit, and hypabyssal, basic and acidic types occur together ; 
and the prolonged coexistence in the Earth's crust, and absence of 
intermingling, of such extreme magmas is an important cireum- 
stance which must be taken into account when theories of 
petrogenesis are being formulated. 


IIL. Perronoeican DEsorrprion oF RocKk-TypkEs. 


Notes on the Rauthaskritha rocks have been given by Zirkel 
(3, p. 785), Schirlitz (4, p. 424), Helland (6), and Schmidt (7, 
p- 779). Some of the determinations which were made in the 
early davs of microscopic work may now be corrected. The account 
of the occurrence of inclusions of quartz in the large felspars, to 
which some prominence has been given (18, p. 755), is erroneous. 


part 4] TERTIARY VOLCANIC SERIES OF EASTERN ICELAND. 557 


Olivine was reported by Zirkel (3, p. 783). Schirlitz claimed this 
to be a mistaken determination of pyroxene (4, p. 426). Helland 
rediscovered the olivine; but it was again questioned by Schmidt, 
who regarded it as rhombic pyroxene. — : 

The Rauthaskritha provides an interesting demonstration of the 
variety of rock-types that may result from different conditions of 
cooling of a homogeneous magma, without differentiation. All 
types contain phenocrysts of felspar, pyroxene, and olivine, with 
small magnetites and zireons. The ground-mass ranges from glass 
to holocrystalline. The specific gravity of the pitchstone from the 
western side of the flow (No. 83)! is 2-381, that of the central 
lithoidal mass (No. 116) is 2-622. Compared with the glassy 
rock this represents a reduction of 9-2 per cent. in specific volume. 
The contraction on crystallization accounts for the porosity of the 
stony dacite, and the cavities and open cracks in the spherulites. 

In hand-specimen the contact-rock is often pale green, with 
a dull non-glassy lustre. In thin section circular and elongate 
areas of hyaline silica are seen in the glass, and these probably 
represent vesicular infillings. ‘These areas commonly adjoin felspar- 
phenocrysts, the individuals and aggregates of which are fractured 
and dispersed. The specimen from the base of the eastern end of 
the flow (No. 110) is composed mainly of fragments of perlite, 
with some few inclusions of basic rocks. One large fragment of 
typical pumice is present. 

The bulk of the contact-rock ranges from a lustrous black 
obsidian to a dull black pitchstone. In thin section these rocks 
exhibit perlitic and fluxion-structures. The glass is in some cases 
crowded with crystallites; in others there is a regular distribution 
of microlites—nearly all of felspar, with a few of pyroxene. The 
glass may be brown or colourless; the colour is usually developed 
more strongly adjoining the crystals, and especially borde1ing the 
spherulitic areas (No. 123). 

The spherulites are seen to begin as scattered single globules 
(8 mm. across) in the black pitchstone (No. 123). They increase 
in number and size, and may form the whole of the rock, which is 
then a mass of closely fitting polygons due to mutual growth- 
interference (No. 122). Thin sections show that, although the 
spherulites may grow from phenocrysts as centres, they usually 
include them only by accident, and the felspar-microlites stream 
through with no change in orientation (Pl. XLII, fig. 2). In 
parallel light the spherulites can only be distinguished by their 
lighter colour and the presence of contraction-cavities and cracks 
which widen towards the centre. 

Between crossed nicols in some sections a feeble birefringence 
(-002 and less) reveals an irregular radial structure of positively 
elongated crystals. In many slices this arrangement is replaced 
by aggregates of poikilitic quartz-areas without radial structure. 


1 These refer to the numbers of the hand-specimens and thin sections in 
the Geological Department, Bedford College, London, N.W. 1. 
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This is due to reerystallization of the original spherulites, and in 
some cases the perlite interstitial to the rounded areas is also 
completely crystalline (No. 85). 

<°One rock-type (No. 121) in hand-specimen is largely made up 
of spherulites 1 to 2 cm. across, comprising an outer white border 
to an inner spherical red area which forms about half the spherulite 
(fig. 7). Their outlines are commonly polygonal, due to mutual 


Fig. 7.—Spherulitic rock (No. 121). x3. 


This illustrates the hollow centres, inner red spherical areas, outer polygonal 
form of spherulites where adjoining, circular boundaries to glass (bottom 
right-hand), felspar-phenocrysts, and radial cracks in the outer parts of 
the spherulites. 


erowth-interference, but are spherical to the glass. The radial 
cracks of adjoining spherulites are frequently continuous. In thin 
section the central area is seen to be composed of a confused 
aggregate of large poikilitic quartzes with felspar, and opaque 
inclusions probably representing altered pyroxene. The outer part 
contains smaller poikilitie quartzes, and the selenite-plate reveals 
traces of a positive radiate structure. Normal zoned spherulites 
due to a more thorough erystallization of the central portion are 
well known, and the spherulites here described were originally of 
that character. The subsequent recrystallization has also been 
more complete in the centre, probably due to the greater evolution 
of gases there (18, p. 273). 
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The ground-mass of the holoecrystalline rock forming the bulk 
of the Rauthaskritha is composed of a felt of felspar and quartz- 
erystals, with magnetite and secondary iron-ore in small amount. 
A coating of hyaline silica has been deposited on the walls of the 
cavities. 


The Phenocrysts. 


The felspar shows multiple twinning after the albite and 
occasionally the pericline law. Zonal structure is prominent in 
most crystals. Extinction-angle measurements in negative bisectrix 
sections and those normal to (OOL) and (010) indicate an andesine 
with an anorthite percentage composition ranging from 50 per 
cent. in the centre to 80 per cent. in the periphery. The sanidine 
mentioned by previous workers was not found. 

The pyroxene is euhedral, elongated along the vertical axis. 


y—a='029 +:002. 


The colour is grass-green, Pleochroism is shown only by basal. 
sections in which :-— 
a’ =light green, 
y' =brownish yellow. 
Extinction y*c=39° to 43°. 
Slight dispersion of axis‘ A’, p>v. 

These properties indicate diopside. The phenocrysts form 
from 0-4 to OS per cent. of the rock. The larger crystals are 
0:7 mm. long, and inclusions of magnetite and zircon are frequent. 

The olivine is commonly euhedral and equidimensional. Some 
erystals are elongated in the direction of the ‘a’ crystallographic 
axis, similar to some of the fayalites of Pantelleria (see 14, pl. ii, 
fig. 5). Oceasionally irregular boundaries occur to . felspar. 
Cleavage :—OO1, fairly good; 010, less perfect; 100 imperfect. 

Pleochroism distinct in thin sections of normal thickness :— 
a colourless to faint yellow; (6 honey-yellow; y faint yellow to. 
honey-yellow. 

Absorption 8 >y>a. 

Birefringence (determined with a Berek compensator), 

y—a=0°049 +002 
y—8=0:0093+ 0004 
Optical sign —negative 
2 H=about 115°. 
Strong dispersion of the optic axes p >v. 


These properties indicate an olivine closely approaching fayalite 
in composition. The maximum content of fayalite given by a 
pitchstone (No. 120) is 0-4 per cent. Inclusions of magnetite and 
zircon are common. 

The fayalite has been preserved unaltered in the glassy rocks 
only, and not always in them. In the spherulitie and lithoidal 
types pseudomorphs are present, bearing testimony to the euhedral 
form of the original mineral. The pseudomorphs may be of 
serpentine, a mixture of iron-oxide and silica, hyaline silica only, 
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or iron-ore only. The solutions and gases liberated on the 
crystallization of the central mass of the dacite have attacked and 
often completely replaced the olivine and sometimes the pyroxene 
also. he fayalite is clearly an original early-formed phenocryst, 
and the flow-lines of the rock bend round it (Pl. XLII, fig. 1). 
Minute magnetites and zircons are scattered throughout the 
rocks. The aggregation of the fayalite, diopside, and felspar- 
phenocrysts, and the concentration of the larger magnetites as 
inclusions in them, illustrate the tendency of the first-formed 
erystals to collect together in a magma, producing what Vogt has 


ealled ‘synneusis’ structure (20, par O21}. The order of 
crystallization was: (1) magnetite and zircon; (2) fayalite; 


(3) diopside; (4) andesine; and finally the magnetite, diopside (?), 
felspar, and quartz of the ground-mass. The pyroxene shows no 
tendency to form around the fayalite, which is devoid of any 
reaction-border. 

The basie dykes are normal dolerites. One section (No. 109) 
shows a coarse-grained ophitie rock, with small olivine-phenocrysts 
and large, zoned, porphyritie plagioclase. 


ANALYSIS OF BLACK DaAcrrn-PrTcHsToneE (No. 83) from the WESTERN 
JUNCTION, RAUTHASKRITHA. By W. H. HERDSMAN. 


SiO,... (eA, 

Ogee 12°69 

Bes On ee cieenerae 0078 Norm. 

BG Oe ee nn ener te ee 2°56 (QMENMA Saloucgnoscdseauaveen SAMO 

Mg.) 2208 sneer 0-41 Oruhoclase= seer aos Ao) 

CaO dene beeen ta ESS ‘AT DItGA LER bees Cee 36°15 

IN ay, OP ichocpidet aoe ass 4°27 ATOLGALLON GRAeenen eee temo la 

IK. Oe irecuantinaeeeihee aaa. Dg) (Corundiin ieee nee 0°61 

EL OLE cottons e eameee 4°25 Maonetitevtn.. cae nee 0:70 

EL Tee aise eoreiaceers 0°39 iypersthene=., .s4..esee 5:22 

THO, ........e eee eeeeeteee es, trace Position in the Quantitative 

EOSIN eR ane Oe Classification :— 

MnO ay sae. Xe tor Alay aoe vane ete ts re nil ale (4) 3. 2. A. 
Rotalaneenes 99-94 


Specific gravity at 4° C. =2°381 
Refractive index of glass =1°502 


The analysis is that of a typical dacite, and occupies the same 
position in the Quantitative Classification as the obsidian from 
Hraftinnuhyrggur, Northern Iceland (18, p. 260). The magnesia 
has entered the pyroxene, and not the earlier-formed olivine. The 
basicity of the first-formed felspar is in accordance with the 
analysis, and, together with the zonal structure, is evidence of rapid 
growth. The large felspars are present in the same proportion in 
the rapidly chilled and slowly cooled rock, and with the other 
phenocrysts represent the excess over the eutectic, which consisted 
mainly of quartz, plagioclase, and potash-felspar, with small 


amounts of magnetite and pyroxene. The absence of quartz- 
phenocrysts is a striking anomaly. 
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TV. Tae Onivine-Beartmne Acrp Rocks. 


The occurrence of fayalite in cavities, veins, and as segregations 
in acid rocks is well known—and is generally explained as the 
result of crystallization of a physico-chemical system abnormally 
rich in water. 

The presence of olivine as a normal phenocrystic constituent has 
not been so widely recognized, and the present enquiry is restricted 
to those acid rocks that contain considerable quantities of normative 
or modal quartz. 

Zirkel first drew attention to the presence of olivine in trachytic 
pitchstones from Northern and Eastern Iceland (8, p. 788). 
Backstrom found olivine in the post-glacial ‘liparite’-flow of 
Namshraun, South-Western Iceland (8, p. 644). Kiich describes 
a dacite from Colombia with fresh olivines 2mm. long (9, p. 185). 
Prior reported iron-olivine in obsidians from British East Africa, 
Ascension I., and Aden (10); and Weidman noted the widespread 
occurrence of fayalite in rocks from Wisconsin, including a heden- 
bergite-quartz-syenite and an amphibole-granite (11). Rosenbusch 
(13, p. 853) and Scellner (14, p. 140) recognized fayalite in rocks 
from Pantelleria, and Washington has given analyses and descrip- 
tions of these (16). The only case described from the British 
Isles is that of the quartz-fayalite pitchstone from Arran, 
reported by Scott (15, p. 26). With the exception of the dacite 
from Colombia, the olivine is one approaching fayalite in com- 
position. 

Scott inclined to the view that the fayalite in the Arran rock 
was xenocrystic, and had crystallized from a basic magma, which 
had then been absorbed by an acid one (15, p. 27). The com- 
position of this rock, regular distribution of the phenocrysts, and 
especially the fact that fayalite does not form in normal basic 
magmas, render this improbable. The regular distribution, 
euhedral form, and absence of reaction-borders show that the 
olivine in the Rauthaskritha rock was quite at home in the mother 
liquor. The iron-olivine phenocrysts in acid rocks are undoubtedly 
all normal ecrystallizations from the acid magma. 

In the accompanying table are recorded the analyses of the 
olivine-bearing acid rocks, together with their normative quartz 
and modal minerals. 

Many different rock-types are represented, and it is difficult to 
discover any common feature of composition which might be 
correlated with the presence of olivine. Excluding the Colombian 
dacite, which may be considered apart by reason of the magnesian 
character of its olivine, the low percentage of magnesia (a feature 
common to the majority of acid rocks) is notable, The non- 
occurrence of fayalite in basic rocks is due to their considerable 
magnesia content. Weidman, after noting the importance of the 
poorness in magnesia of the Wisconsin series, drew attention to 
the absence of egirite in them, and suggested that the chemical 
conditions for the development of fayalite existed in magmas 
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containing a large excess of ferrous oxide over ferric oxide (11, 
p- 556). As the table shows, however, egirite and fayalite are not 
mutually exclusive, nor is a deficiency of oxygen visible in all the 
analyses. ‘The fayalite is present in small amount, normally below 
1 per cent., but as much as 5 per cent. in phases of the quartz- 
syenite (11, p. 554). It is usually euhedral when a phenocryst, 
but in glomeroporphyritic aggregates or in coarse-textured rocks 
it assumes shapes due to mutual growth-interference with other 
minerals, including quartz. 

Clearly, like magnetite and the ferromagnesian silicates, fayalite 
is but slightly soluble in acid magmas, and is stable in presence of 
a considerable amount of free silica. The Rauthaskritha rock, 
with 34 per cent. of normative quartz, is the extreme type known 
in this connexion. That an orthosilicate may exist in equilibrium 
with a liquid containing more silica than that required to form the 
metasilicate is known to be possible, from the researches of Bowen 
and Anderson on the MgO-SiO, system. Forsterite may form in 
a melt containing 2 per cent. more silica than that required for the 
magnesium metasilicate (17, p. 500), and with quick cooling a 
mixture of forsterite, clino-enstatite, and cristobalite has been 
obtained. 

Washington claims that this affords an explanation of the 
occurrence of fayalite in highly silicic rhyolite and pantellerite 
(21, p. 469) ; but the high content of free silica of these rocks is 
of a very different order from that of 2 per cent. The system 
FeO-SiO, has not yet been worked out. If it is similar to the 
MgO-SiO, system, one might expect the invariant point fayalite- 
metasilicate-liquid to show a considerable excess of silica. 

Indications are not wanting that the iron system may be of 
a character different from the magnesian one. Reaction-rims, 
which are so common a feature around magnesian olivines, and 
for which the experimental work has so satisfactorily accounted, 
are not shown by the fayalite, even in slowly cooled quartz-syenite. 
Minerals approaching iron metasilicate in composition are unknown 
in igneous rocks. Gorgeu, who prepared fayalite by heating 
ferrous chloride aad silica in a stream of moist hydrogen, found 
that, contrary to his experience with the manganese salt, he was 
unable to produce the metasilicate on increasing the proportion of 
silica (5). It seems probable that the metasilicate will not appear 
in the FeO-SiO, system, and that the fayalite will form a eutectic 
with silica. It will then take its place in the group of minerals 
which Vogt has demonstrated to be but slightly soluble in acid 
magmas on the theory of the existence of ternary eutectics (20, 
p. 518); and its presence in acid rocks would be satisfactorily 
explained. 

The olivine reported in the dacite from Colombia is described as 
a normal basaltic one (9, p. 185). In his account of the lavas 
Kiich observes that the olivine and the rhombic pyroxene were to 
a great extent mutually exclusive. This occurrence would indicate 
that magnesian olivines are also capable of existing in presence of 
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much free silica, and we might explain their rarity in acid rocks as 
being due to the common low magnesia-content of these. Further 
information regarding the composition of this olivine is needed. 

The aie which, it is suggested, exist in the behaviour of 
the iron and magnesium or of the : silicates, indicate the possibility 
that a continuous series of solid solutions does not exist between 
forsterite and fayalite. Olivines of a composition between that of 
fayalite (FeO, GL per cent.) and hyalosiderite (FeO, 30 per cent. ) 
are very rare, and have not been produced artificially. It is 
significant that the general law establishing the similarity of the 
FeO- MgO ratio in ferromagnesian silicates to that obtaining in 
the magmas in which they “have grown (20, p. 537) is broken in 
the fayalite- bearing rocks, 1n which magnesia is practically absent 
from the early -formed olivine. This is all the more notew orthy 
as the magnesium silicate is normally concentrated in the first- 
formed olivines of basic rocks. 

The recognition of fayalite as a normal phenocryst in acid rocks, 
renders its occurrence in lithophysz more explicable. Fayalite 
has been described in the lithophysz of an obsidian from Hrafntin- 
nuhryggur, Northern Iceland (18) and the obsidian is very similar 
in composition to that from the Rauthaskritha. The chemical 
composition of lithophysie mineral aggregates is the same as that 
of the parent rock, and they may be regarded as a product of 
normal devitrification. Under conditions of less rapid chilling, 
phenoerysts of fayalite would probably have appeared in the Hr afn- 
tinnuhryggur obsidian. The formation of the fayalite is not 
essentially due to the differences in the physico-chemical conditions 
prevailing on the cooling of the magma and those existing at a 
much lower temperature (see 18, p. 265). 


I am indebted to Miss E. M. Guppy, B.Sc., F.G.S., for the 
specific gravity determinations. 


V. SUMMARY AND CONCLUSIONS. 


The acid rock-mass is exposed in cliffs of Tertiary plateau- 
basalt. It is 500 feet thick, and extends for 1000 yards. The 
lithoidal dacite shows prominent flow-banding contorted in the 
upper part, and is encased in a shell of glass. At each end of the 
_section basalts abut against vertical walls of chilled dacite. The 
intrusive and extrusive relations exhibited by the mass, are 
explained on the hypothesis that the dacite was not an intrusion 
as hitherto maintained, but a lava-flow which filled a depression in 
the basaltic plateau, and was subsequently submerged beneath 
succeeding flows of basalt. 

Attention is drawn to the evidence indicating the co-existence 
of extreme acid and basic magmas throughout the Tertiary cycle 
of igneous activity in Iceland. 

Phenocrysts of fayalite are distributed throughout the flow. 
They were one of the first minerals to form from the magma, 
which contained more than 30 per cent. of normative quartz. 
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A review of the acid rocks bearing normal phenocrystie olivine 
is given. ‘They include representatives of many rock-types. With 
one exception, the olivine is rich in iron. It is concluded that, in 
the early stages of cooling, the iron orthosilicate is in equilibrium 
with magmas containing a considerable amount of free silica. 

Evidence is cited in support of the view that the behaviour of 
fayalite to silica is different from that of forsterite, and it is 
suggested that a eutectic exists between fayalite and silica. 


My attention has been drawn to the following two papers by 
J. H. Whiteley & A. F. Hallimond in the Journal of the Iron & 
Steel Institute for 1919:—‘The Acid Hearth & Slag’ vol. xcix, 
p- 199, and ‘The Action of Iron Oxides upon the Acid Furnace- 
Structure’ vol. c, p. 159. The authors have obtained evidence of 
the existence of a binary eutectic fayalite-silica in the proportion 
of 6:1, and also of a ternary eutectic fayalite-magnetite-silica. 
The diagram given of the system FeO-MnO-SiO, shows the 
existence of the metasilicate of manganese, but not that of iron, 
which is in accord with Gorgeu’s work (op. supra cit.). The 
suggestions made above are thus supported. The proportion of 
Gen: in the fayalite-silica eutectic is not, however, high, and we 
must look to the other constituents of natural slags and perhaps 
different cooling conditions as factors responsible for emphasizing 
the stability of fayalite in presence of silica. 
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EXPLANATION OF PLATES XLI & XLII. 
Prats XLI. 

Fig. 1. The western end of the Rauthaskritha. The abrupt truncation of 
the basalts by the rhyolite is seen. The gully marks the site of 
the actual contact, and on its eastern side is the wall of obsidian 
and spherulitic rock. The belt of rock seen in sitw beneath the 
overlying basalts is obsidian. Other exposures and the scree- 
material are composed of lithoidal rhyolite. 

. This photograph is illustrated in the western half of text-fig. 4, 
p. 5538. The gully on the left marks the site of the dyke (5 in 
fig. 4). The horizon of separation of the two basalts overlying the 
obsidian can be clearly seen on the right. 


bo 


PuatTr XLII. 
| All in ordinary light. } 


Fig. 1. Serpentine pseudomorph of olivine in pale-brown glass. Flow- 
structure of ground-mass brought out by lines of crystallites. 
(No. 10). »X 30. 

2. Spherulite in glass. The felspar-microlites are arranged independently 
of the radial growth. The central cavity is seen, and a pheno- 
eryst of diopside outside the spherulite (No. 123). xX 85. 

3. Fayalite (010) in the centre (with many magnetite inclusions), felspar, 
and magnetite. Fluxional disposition of the felspar-microlites in 
the glassy ground-mass (No. 120). x 34. 

4, Aggregate of felspar, fayalite, diopside, and magnetite. The dark 
elongated area on the upper left-hand of the aggregate represents. 
pyroxene surrounding olivine. Glassy ground-mass, with crystal- 
lites and microlites (No. 117). x 38, 

5. Hyalite-pseudomorphs of olivine, with felspar. Spherulitie ground- 
mass (No. 124). x 25. 

6. Olivine-pseudomorph in hyalite and iron oxide. Micropoikilitic ground- 
mass (No. 85). x 85. 


Discussion. 


Dr. H. H. THomas stated that he had been much interested in 
the paper, and thought that the Author had put forward the most 
probable explanation of a remarkable field-oceurrence. In con- 
firmation of the Author’s view that iron-olivine and silica may 
co-exist in a state of equilibrium, the speaker called attention to. 
papers by Mr. J. H. Whiteley & Mr. A. F. Hallimond recently 
published by the Iron & Steel Institute. It was there proved 
that a binary eutectic of iron-olivine and silica was a normal 
product of the acid-hearth steel-furnace. The ternary eutectic 
fayalite-magnetite-silica had also been described and figured. 

Dr. G. T. Prror referred to some recent experimental work 
suggesting that the presence of olivine in a highly siliceous rock 
might be due to rapid cooling. 


Quart. Journ. Geol. Soc. Vol. LXXX, Pl. XLI. 
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Sir THomas Howianp referred to the numerous instances now 
known of the clean separation of acid and basic fractions, without 
intermediate products, in dykes, where the two fractions consoli- 
dated together, and in larger masses where, by the breakdown of 
the early-formed basic framework, separate masses of granophyre 
and gabbro were formed. The old assumption of a gradual transi- 
tion in consolidation-produets had been the cause of the surprise 
expressed at the discovery of fayalite in rhyolitic lavas; but its 
occurrence involved no greater chemical difficulty than the early 
separation of magnetite in acid rocks. He regarded this paper as 
an important contribution to the theoretical questions involved, 
and accepted the Author’s explanation of the occurrence of a rhyo- 
litic mass in a predominantly basaltic series of flows, as somewhat 
similar to that described by Dr. L. L. Fermor as associated in 
Kathiawar with the Deccan basaltie flows. 

The Presrpent (Dr. J. W. Evans) welcomed the evidence ad- 
duced by the Author in favour of the discontinuous differentiation 
of igneous magmas. The speaker had long contended that such a 
differentiation occurred into an acid magma rich in volatile con- 
stituents and in a basic magma with a similar proportion of such 
constituents. Dr. W. A. Richardson had recently shown that the 
statistics of the frequency of the occurrence of igneous rocks of 
different chemical composition indicated a primary discontinuous 
differentiation into acid and basic magmas, followed by a con- 
tinuous differentiation, either magmatic or due to crystallization. 

The crystallization of ferriferous olivine or fayalite from an acid 
magma appeared to be related to the fact that a hypersthene in 
which the magnesia was entirely replaced by ferrous iron did not 
exist, at any rate as a product of magmatic crystallization. 

Dr. L. J. Spencer drew attention to the occurrence of fayalite 
in the Mourne Mountains granite, 

The AvurHor, in reply to Dr. Prior, said that it did not appear 
that rapid cooling was necessary for the production of an olivine- 
bearing acid rock, as fayalite had been found in amphibole-granite. 
In the Rauthaskritha the iron-olivine was unaltered in the glassy 
rocks only, but euhedral pseudomorphed areas of the lithoidal 
rhyolite showed that the mineral had existed there also. 

The President had drawn attention to the fact that a pyroxene 
approximating in composition to iron metasilicate was not known, 
and, in this connexion, the absence of reaction-borders to the fayalite 
was significant. As Sir Thomas Holland had said, the occurrence 
of olivine was analogous to that of magnetite in similar rocks, and 
this was supported by the existence of a fayalite-magnetite-silica 
eutectic prepared by J. H. Whiteley & A. F. Hallimond, to which 
Dr. Thomas had drawn attention. ; 

For full light on the problem we must await the systematic 
experimental investigation of the FeO-SiO, system. It was 
regrettable that there was no prospect of such work being carried 
out in this country. 

The fayalite of the Mourne Mountains was found in pegmatite, 
and such occurrences were not discussed by the Author. 
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23. The Upper Towy Dratnace-System. By OwEn Tuomas 
Jones, M.A., D.Sc., F.G.S., Professor:of Geology in the 
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I. Iyrropvction. 


THe most remarkable feature in the physical geography of 
Wales is undoubtedly the great plateau which extends almost 
without interruption from near the coast of Denbighshire in North 
Wales through Central and South Wales, where it occupies a large 
area of the counties of Cardigan, Carmarthen, Radnor, and 
probably also of Brecon. It truncates alike the highly folded 
Lower Palzozoie rocks of North and Central Wales and the gently 
inclined Old Red Sandstone marls of Breconshire. Its surface is 
apparently little influenced, either by the attitude of the rocks or 
by their lithological characters. 

It abuts against the mountains of North Wales between Cader 
Idris and Snowdonia, which in places rise abruptly above its level,! 
while southwards it extends to the foot of the great Upper Old 
Red Sandstone escarpment of Breconshire and Carmarthenshire, 
which overlooks it as a line of high cliffs overlooks a level 
foreshore. 

Sir Andrew Ramsay? attributed the formation of the plateau 
to marine denudation, and at one time regarded? the escarpment 
of the Brecon Beacons as an ancient line of cliff. 

Occasional references to the plateau occur in later publications. 
I have given reasons* for distinguishing in Central Wales two 
distinct plateaux: namely, the Higher Plateau described above, 
and the Coastal Plateau which hes south of the Dovey Estuary, 


1 W. G. Fearnsides, ‘Geology in the Field’ Geol. Assoc. Jubilee vol. (1910) 
p. 820. 

2 Mem, Geol. Surv. vol. iii (1866) pp. 236-88; 2nd. ed. (1881) pp. 328, 329. 

3 Tbid. vol. i (1864) ‘The Denudation of Wales’ pp. 331 & 333. 

4 < Aberystwyth & District: a Guide prepared for the Conference of the 
National Union of Teachers at Aberystwyth’ 1911. 
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and, extending inland from the coast of Cardigan Bay for a distance 
of 8 to 15 miles, is sharply marked off from the High Plateau on 
the east. 

The Coastal Plateau was attributed to marine erosion. It is a 

striking feature of the country between Aberystwyth and Cardigan, 
‘where looking north or south across the transverse valleys, the landscape 
frequently appears as a great and gently inclined plain with a seaward slope 
and bounded by distant inland hills, easily comparable to an existing line of 
lofty coast. (A. C, Ramsay, op. swpra cit. p. 327.) 
Ramsay ascribes the formation of such a plateau to marine 
denudation, and accounts for its slight seaward slope by an 
exceedingly slow depression of the land during the progress of 
marine erosion. 

This region, in which the relation of the background of high hills 
inland to the plateau inevitably suggests comparison with that of 
the line of present cliffs to the tract of Cardigan Bay, has some 
claim to be regarded as the type area of Ramsay’s plain of 
marine denudation. 

A general account of these plateaux was given by Dr. L. Sawicki,! 
who was a member of a party conducted through Central Wales 
by Prof. W. M. Davis in 1911. I had the privilege of acting as 
a guide to the party while in the neighbourhood of Aberystwyth, 
and of discussing the origin of the plateau with Prof. Davis. 
Dr. Sawicki attributes the plateau (or plateaux) to subaérial 
denudation, although Prof. Davis appears to have been convinced 
that there was in this particular region some justification for 
Ramsay’s view.’ 

The plateau features of this and other British areas are discussed 
at some length by Mr. C. B. Travis,® and are regarded as peneplains 
formed as the result of subaérial agencies. 

After this brief reference to the two opposing opinions on the 
origin of these features, I do not propose in this communication to 
consider them further; but rather to indicate certain lines of 
investigation which may help to solve the problem of their origin. 


In Central Wales the High Plateau has been deeply dissected 
by numerous rivers, some of which, such as the Severn, the Wye, 
and their tributaries, flow eastwards, ultimately reaching the Bristol 
Channel; others, such as the Rheidol and the Ystwyth, flow 
westwards across the Coastal Plateau into Cardigan Bay. The 
Teifi, which reaches that bay much farther south, lies mainly on 
the lower Plateau, its course being for some distance almost 
parallel to the boundary between the Coastal and the High 
Plateau. The Towy with its main tributaries arises near the 
summit of the High Plateau, and discharges into Carmarthen Bay. 


1 «Die Einebnungsflichen in Wales & Devon’ Sitz. Ber. Warschauer 
Gesellsch. Wissensch. 1912, pt. 2. 

2 Annales de Géographie, vol. xxi (1912) p. 7. 

3 Pres. Add. Liverpool Geol. Soc. vol. xii (1914) pp. 1-31. 
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Although the Coastal Plateau has not hitherto been differentiated 
from the High Plateau in the south of Carmarthenshire, 1t is 
probably represented there. 

The area of the Towy drainage-system was selected, in preference 
to several other drainage-sy stems which had been cursorily 
examined, in the hope that it will furnish a clue to the relation 
of this and adjoining river-valleys to the surrounding plateaux. 

The Towy and its chief tributaries rise near the borders of 
Cardiganshire, Breconshire, and Carmarthenshire. The main river 
flows southw ards, receiving in succession the Camddwr and Doethie- 
Pysgotwr,! w hich come in from the north-west. South-west of the 
Py scotwr the Cothi flows for a few miles towards the Towy, and 
then turns abruptly at right angles to enter the river at 
Nantgaredig many miles below. There is clear evidence that the 
portion which may be distinguished as the Upper Cothi formerly 
continued south-eastwards along the Gwenffrwd Valley into the 
Towy, and has been diverted into its present course by capture (see 
p: 583). The Camddwr and Doethie-Pysgotwr! join the main 
river above Rhandirmwyn, which is a mining village 7 miles north 
of Llandovery and about 15 miles from the source of the Towy. In 
the 25 miles which intervene between this place and Carmarthen, 
where it becomes tidal, the Towy receives only four tributaries 
comparable in size with those mentioned above: namely, the 

3r4n at Llandovery, the Sawdde at Llangadock, the Cothi, at 
Nantgaredig, and the Gwili at Abergwili. 

Above Rhandirmwyn there is a remarkable contrast between the 
upper and the lower portion of each of the valleys, and, if the 
longitudinal profiles are plotted from the data on the 1-inch 
Ordnance Survey map, a marked discontinuity of gradient in the 
middle portion of each valley becomes evident, and the contrast 
between the immature or youthful character of the lower reaches 
of the valleys and the mature forms of their upper reaches is 
clearly seen on the profiles. As the tributaries of the Towy 
below Rhandirmwyn do not apparently reveal these features, the 
explanation thereof must be sought for above that place. 

Preliminary observations were made many years ago, from which 
it appeared that the longitudinal profiles of the valiey-floors in the 
upper reaches were smooth curves which could be expressed by a 
simple mathematical formula; but, as most of these floors lay 
above the 1000-foot contour- ie. where contours are only shown 
at 250-foot intervals, while spot heights near the streams are 
exceedingly rare, there was a considerable element of uncertainty 
in drawing the profiles. Their apparent smoothness might, 
therefore, be a deceptive result of insufficient data. The further 
pursuit of the enquiry was long delayed, pending an opportunity 
of examining the valleys in detail. 

During the summer of 1920 a large number of levels at various 
points of the valleys were determined by means of a theodolite, in 


1 See footnote, p. 581. 


part 4] UPPER TOWY DRAINAGE-SYSTEM. 571 


order to obtain the materials for drawing the profiles more 
accurately than had been possible previously. Still more recently 
(March 1921) the valleys were levelled by Mr. Harold Hopkins 
and myself. The present communication embodies the results of 
these determinations and of observations made concurrently on the 
form and structure of valleys. ‘ 


Fig. 1.— Geological sketch-map of the Towy Basin 
above Rhandirmwyn. F 
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Il. Tun Gronocy or THE AREA. 


Although the purpose of this investigation was the study of the 
drainage-system, some observations were made on the geological 
succession and on the salient structural features of the area, in so 
far as they appear to influence the physical features (see fig. ily 
The rocks belong almost exclusively to the Valentian Series. The 
boundary between them and the Ordovician ranges north-eastwards 
between Rhandirmwyn and Abergwesyn (in the Irfon valley) along 
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the ridge which divides the drainage of the Towy from that of its 
tributary, the Bran, on the east. he eastern side of the ridge is 
composed of dark-grey shales, mudstones, and grits of Bala age, 
which extend for about 4 miles across the strike to the Sugarloaf, 
on the main road from Llandovery to Llanwrtyd Wells. This 
conspicuous conical hill is formed of dark graptolitic shales, 
comparable with the Dieranograptus Shales of other Welsh areas. 
The lead- and zinc-lodes of Rhandirmwyn le mainly in grits with 
associated shales, which apparently occupy high horizons in the 
Bala formation. 

The lower beds of the Valentian are dark-grey, striped, pyritous 
shales, weathering to a deep rusty colour or in other cases bleached 
ashy-white. They dip north-westwards at angles of 30° to 40°. 
Their junction with the underlying Bala formation has not been 
traced, but a considerable thickness of rocks presenting the same 
characteristics is exposed in the neighbourhood of the Towy valley, 
as, for instance, around Ystradftin and Bwlehyffin. West of the 
main outcrop they reappear along the core of an anticline which 
crosses the Gwenftrwd and Doethie valleys about a mile above the 
confluence of these rivers with the Towy. 

This group is overlain by a great thickness of greenish-grey, 
striped, flaggy mudstones with subordinate beds of calcareous 
sandstone, containing in places abundance of shelly fossils, among 
which brachiopods, gastropods, and infrequent trilobite-fragments 
can be identified. The fossils are, however, so small and so poorly 
preserved that even a generic determination is only possible 
occasionally. These strata also dip generally north-westwards, and 
with a few minor undulations extend for about 24 miles in that 
direction. The upper beds appear to be softer and less resistant 
than the lower, and this difference is reflected to some extent in the 
forms of the valleys of the Towy and those of its tributaries which 
traverse the outcrop of this group. 

The mudstones are followed by a grit group, composed of rapidly 
alternating beds of thin evenly-bedded grits and dark shales. The 
grits are distinguished by numerous worm-trails and other markings 
on their under surfaces. This group also is of considerable 
thickness, and extends with a north-westward dip for over 3 miles 
across the strike. Near Bonborfa, in the upper part of the 
Pysgotwr valley, it is overlain by soft pale-greenish mudstones 
which, at a place known as Draenllwynddu, contain a deep maroon- 
eoloured band. 

The general succession herein described was briefly recorded in a 
former paper in this Journal.! The rusty pyritous shales may be 
correlated with the Histeddfa and Rheidol Groups of the Pont- 
Erwyd district, but it is evident that their thickness has greatly 
increased. They may also be compared with the Gwastaden rocks 
of Rhayader, which occur along the same strike on the north-east, 
or with similar shales mapped by Miss I. L. Slater & Miss H. 


1 Q.J.G.S, vol. lxviii (1912) p. 328. 
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Drew in the Llansawel district, about 10 miles away to the south- 
west and also on the same line of strike. The age of the over- 
lying mudstone group has not been fully inv estigated, but in the 
left bank of the P ysgotwr, south of Troedy rhiw-ruddwen, the basal 
beds exhibit the characteristics of the Mesograptus- magnus Lone, 
to which they may probably be attributed. This is confirmed by 
the discovery of Monogr aptus communis in the immediately under- 
lying rusty shales. The mudstone group may, therefore, be 
regarded as ‘approximately equivalent to the Castell Group, together 
with the lower part of the Ystwyth Stage of North Cardiganshire, 
or the Gigrin Mudstones and the Pale ‘Slates of Rhayader. The 
overlying grit group is the south-western continuation of the 
Cwmystwyth Grits; but the proportion of grit to shale is less 
than around that place, and it is probable that the grit conditions 
began somewhat earlier than in the northern district. 

The lithological characters of the pale- green and maroon-coloured 
mudstones, which are the youngest rocks in the district, recall the 
Dolgau Mudstones or highest Valentian rocks described by Dame 
Ethel Shakespear in the Tarannon areal; but, in the absence of 
fossils, it is not possible to prove the time-equivalence of the two 
groups. 

The outcrop of the pyritous shales is indicated by a strike- 
hollow, which extends north-eastwards for over 7 miles from 
Ystradtiin to Abergwesyn, and probably beyond that place. The 
overlying rocks, being more resistant, give rise to a well-defined 
eastward-facing scarp which is a dominant feature of the scenery 
around Ystradftin. 

The general course of the Towy for nearly 5 miles is almost 
parallel to the outcrop of the shales, and only a few hundred yards 
distant therefrom. The river swings repeatedly towards the out- 
crop, and in one place actually reaches it; but, in each case, it 
turns away across the harder beds. The valley of Nantffin which 
follows the strike of the shales is astonishingly wide for so small a 
stream. 

The anticline along which the rusty shales are rolled up west of 
their main outcrop is an important feature in the district. It can 
be traced from the edge of Mynydd Mallaen across the Gwenffrwd 
and Doethie valleys, as far as Henfaes and Dalar near Nant 
Brianne. The greenish-grey flaggy mudstones which overlie the 
shales form a prominent scarp on each side of the anticline in the 
Gwenffrwd valley, and again near ‘Troedyrhiw-ruddwen in the 
Doethie valley. The anticlinal axis is probably situated midway 
along the shale-outcrop. From Dalar the anticline can be tr aced 
as far as the Camddwr valley, which it crosses about half a mile 
above its confluence with the Towy, and the same structure will 
probably account for the eastward dips on the slope above Fanog. 
It apparently strikes towards the conspicuous hill of Drygarn Fawr 
(2115 feet), 4 miles north of Abergwesyn, which is composed of 


1 Q.J.G.S. vol. xii (1906) p. 644. 
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massive grey grits lying either at the base of the Silurian 
(Gwastaden Grits of Rhayader), or in the Bala formation. The 
strike of the fold is thus almost parallel with the base of the grey 
mudstone group and with the average course of the Towy v valley 
for about 5 miles above Rhandirmwyn. 

The pale-green and maroon- -coloured mudstones which are 
exposed at Draenllw ynddu extend north-eastwards from that place 
for nearly 23 miles, and occupy a narrow strip of moorland on 
each side of the Pysgotwr valley. This is the youngest group ot 
rocks exposed in Cardiganshire, and its outcrop being less than 
half a mile wide defines closely the axis of the fold which I have 
elsewhere named ‘The Central Wales Syncline.’ Farther north- 
east in the Doethie valley the same structure traverses lower beds 
near Blaen Doethie, and can be recognized again near Ffrwd 
y Gamddwr in the Camddwr valley. At this locality the centre of 
the syncline is occupied by massive grits which lie considerably 
below the base of the pale mudstone group, Whence it may be 
inferred that the syncline pitches southwards at a small angle. 
Its axis strikes north-eastwards towards the col between ‘the 
Ystwth and Elan valleys, where similar pale mudstones occupy a 
narrow syncline overlying the grit group of Cwmystwyth. 


The Glacial Deposits. 


In the upper parts of all the valleys considerable deposits of 
Boulder Clay occur, in which the streams have developed alluvial 
Hats of varying width. The glacial deposit has a relatively level 
surface, and stands like a terrace on each side of the river-channel ; 
in the other direction it abuts sharply against the slopes and spurs 
of the valley which are submerged beneath it. Owing to the 
concealment of their lower portions, the slopes on opposite sides of 
the valley are separated by a considerable width of nearly level 
floor, which gives an open aspect to the valley as a whole. The 
Boulder Clay i is of local origin, consisting of boulders of the local 
rocks in a blue plastic-clay matrix. 

Big boulders of a coarse conglomerate which has not been found 
imu situ occur in some parts of the Towy and Camddwr valleys ; 
one such lies by the side of the river and road half a mile below 
Moel Prysgau, while similar boulders are fairly common on the floor 
of the valley about Nant Stalwyn and between that place and 
Abergwesyn. Near Nant Stalwyn the rocks are strongly glaciated, 
the striz indicating a movement of the ice from west to east across 
the valley, and there is evidence of movement in the same direction 
near Llanerchyrfa in the Irfon valley, 2 miles distant on the east. 
As these points lie 200 to 300 feet above river-level, the strie 
probably denote the general trend of ice-movement in the district, 
but the form of the Towy valley suggests that there was some ice- 
movement in the direction of the valley. On the road a quarter 
of a mile north of Trawsnant, some miles below Nant Stalwyn, 
and on the path about half a mile north-west of Bwlehyffin, the 
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striz are in each case parallel to the valley, and the ice-movement 
appears to have accommodated itself to the varying trend of the 
valley-slopes. The glacial deposits diminish in amount down- 
stream, and in most of the valleys there are tracts some miles 
below their source which are almost free from drift. Not far 
above Rhandirmwyn where the Towy valley widens, its floor is 
covered to a considerable depth with superticial deposits. Some 
Boulder Clay usually adjoins the slopes; but, towards the centre of 
the valley, it has undergone erosion and redistribution so as to 
form extensive gravel-terraces, some of which stand high above the 
level of the river. ‘The erosion of these has in tum furnished the 
materials of the recent alluvium. 

A brief description of the Towy valley and its tributaries above 
Rhandirmwyn will indicate the nature of the problems which they 
present. For convenience of reference the centre-line of the floor 
of each valley was laid down on 6-inch maps, and the distance 
measured along it in miles and tenth miles from some convenient 
point near the source of the stream. The mile-points are shown 
in Pl. XLII, and reference will be made to them in describing 
localities in the valley. 


Ul. Tar Towy VaLury. 


The Towy rises about 7 miles east of Tregaron on a moorland 
plateau, from which also spring the head-waters of the Teifi on the 
west and the Irfon, together with some tributaries of the Claerwen 
which flow eastwards into the Wye. In this locality the plateau 
reaches its highest point on Bryngarw (1872 feet) near the source 
of the Irfon; but its average height is somewhat below 1700 feet. 
The river indicated on the Ordnance Survey map as the Towy flows 
due south from its source at about 1500 feet towards Moel Prysgau, 
and is there joined from the west by Nant Gwinau, which rises at 
an altitude of about 1600 feet near Penybwlch, between Moel 
Prysgau and Pont Rhydfendigaid in the Teifi valley. For the 
reasons that Nant Gwinau is somewhat longer than the stream 
ealled Towy, and also has a smaller gradient which connotes a 
larger volume, I regard it as the main headwater and the stream 
flowing into it from the north as a tributary. Distances along the 
Towy valley are, therefore, measured from near Penybwlch. 

The slopes of the Nant Gwinau valley are smooth and gently 
convex, and, as their lower portions are buried beneath glacial 
deposits, those on opposite sides are set at a considerable distance 
apart. Their profile, taken in conjunction with the width of the 
Boulder-Clay tract that covers the floor, gives to the valley a 
thoroughly mature aspect, which becomes more strongly marked 
as the source of the stream is approached. In that direction the 
slopes and spurs of the valley gradually tone down, and ultimately 
merge into slight inequalities on the surface of the plateau. 1+ 
may be noted that the upper ends of most of these valleys fade 
away in. a similar manner, and funnel-shaped valley-heads are 
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exceptional. This relation of the valley-slopes to the plateau is 
evidently a systematic feature. 

The description of the Nant Gwinau valley applies in essential 
particulars to that which joins it at Moel Prysgau. In each the 
tributaries are at grade with the main river; but, despite this and 
the mature appearance of the valley-slopes, it is evident that the 
river is not in perfect adjustment with its channel, for, in flowing 
across the strike of the strata where grits albarnate ce Saleen 
cascades of a few feet and occasionally reaching 10 to 15 feet occur. 

From Moel Prysgau (272) the v ‘alley runs almost due south to 
the junction of the Camddwr (9°6), three- -quarters of a mile below 
Fanog. The floor of the valley gradually descends from about 800 
to over 600 feet below the level of the plateau, and as the increase 
of depth is not accompanied by a corresponding increase in width, 
as measured by the distance between the brows of the valley, the 
slopes become gradually steeper. Owing to the smaller width of 
the floor the spurs on opposite sides of the valley are somewhat 
closely set, and in a view up or down between Nant Stalwyn (4°6) 
and Pantyelwydau (7:5) they overlap considerably. The ‘form of 
the slopes is but. slightly obscured by Boulder Clay, the amount of 
which is insignificant as compared with that in the neighbourhood 
of Moel Prysgau. Certain other differences are apparent in the 
transverse profile of the valley ; the smooth convex form is confined 
to the brow of the valley on each side, and lower down the slope 
it gives way to a more rugged and irregular profile, or to a concave 
curve. Occasionally, the smooth curve in the upper part of the 
slope ends abruptly i in a searp with scree at its foot. The cross- 
section, especially of the lower flanks of the valleys tends, therefore, 
to assume a distinct U-form (see fig. 2). For about 8 miles below 
Moel Prysgau the river-channel is excavated mainly in rock which 
strikes obliquely across it, and partly in Boulder Clay below 
which the river frequently encounters rock, and it is evident that 
its bed coincides approximately with the solid floor of the valley. 
Half a mile above Nant Stalwyn (4°6) and again below Cwmdu 
(6:2) a narrow gorge 10 to 12 feet deep has been cut through 
what appears to be a rock-barrier extending across the valley. 
There is evidence in some cases that, where the river cuts through 
rock, there is another channel alongside which is concealed beneath 
drift ; but in other eases this is improbable, and the discontinuities 
of gradient seem to reveal real (although slight) inequalities in the 
rock-floor of the valley. The lower ends of the tributaries for a 
distance of 200 to 300 yards, corresponding to a vertical descent 
of perhaps 60 to 70 feet or more, cascade over rock before entering 
the river; but higher up these streams have a continuous gradient 
which, together with the smooth convex outline of their slopes, 
indicates a mature condition and complete adjustment between the 
tributaries and their own valleys. These features are shown by 
Nant yr Ergyd and Nant y Bont (3°5), Nant Tadarn (4°1), Hirnant 
(4°3), and Nant y Gerwyn (5:0) and may be seen.also for about 
2 miles below Nant Stalwyn—as, for instance, in Nant Cwmdu 


Fig. 2.— Upper part of the Towy Valley, showing 


mature features. 


Fig. 83.—The Towy Valley above Fanog : 


rejuvenation beginning. 
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(60) and Nant y Fleiddiast (66). At the ford (7°8) south of 
Pantyclwydau, the Towy lies in a short rock-gorge which has been 
excavated to a depth of 10 to 15 feet below a wide flat-floored 
valley. The tributary Nant yr Yeh, which enters at that point, 
appears to have been graded with that floor. The difference of 
level between the lower end of the tributaries and the main river 
in this locality is, however, trifling. 

Below Ty’n Graig (8°1) a significant change in the character of 
the valley sets in; the river (see fig. 8, p. 577) enters a rocky channel 
which rapidly develops into a deep narrow chasm, and descends 
through a vertical distance of about 130 feet in three-quarters of a 
mile. The chasm has been excavated in the floor of a pre-existing 
valley, both slopes of which are almost wholly preserved. Below 
the point (9°0) south of Fanog, where the river emerges from the 
gorge, the floor of the present valley is still narrow and rocky ; but 
nearly all traces of the pre-existing floor have there been obliterated. 
It is possible that certain narrow ledges which occur on each side 
are remnants of it; but, as such ledges occur at farious heights, and 
may in some cases be due to glacial erosion, they do not afford a 
reliable means of estimating its former level. One of these ledges, 
at a level of about 820 feet O.D. and terminating in a steep bluff 
overlooking the river, is crossed by the road half a mile south of 
Fanog; while another, a few yards away to the south, is about 
15 feet lower. There is thus a marked difference in their levels 
within a short distance. The widest and most conspicuous ledge 
forms a gently sloping platform west of the Towy at its junction 
with the Camddwr. Its lower margin coincides with the 800-foot 
contour-line, and terminates in a steep bluff; its upper edge is 
about 30 feet higher. A small platform at a somewhat lower level 
oceurs about 3800 yards away to the north on the same side of the 
valley. The platform near the mouth of the Camddwr is certainly 
a remnant of the old valley, the rock-floor of which at this point is 
thus in the neighbourhood of 800 feet O.D. or possibly a few feet 
lower. What is probably another and considerable portion of the 
same feature is indicated by a nearly level shelf on the east side 
of the valley north of Trawsnant. Its lower margin almost 
coincides with the 800-foot contour-line, and, as it has a slight 
slope riverwards, the level of the old valley-floor was slightly below 
800 feet. I have been unable to recognize with certainty any 
other traces on the sides of the present valley ; but indirect evidence 
of an old floor at a considerable height above the river may be 
obtained in some of the tributary valleys, which join the Towy in 
the neighbourhood of Trawsnant, such as the Trawsnant stream 
itself, Nant Lletty-gleision, and Nant Brianne. The lower 
portions of these streams cascade over rock at the bottom of deep 
narrow ravines; but the ravines, when traced upstream, are seen 
to have been excavated in rather wide flat-floored valleys. In the 
Trawsnant stream (10-4) and Nant Lletty-gleision (10°3) the 
head of the ravine can be located closely. In Nant Brianne (11-0) 
this point is not so definitely marked, but it appears to be near the 
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ford at Henfaes ; above this point the valley-sides are well graded, 
while below it there is a sharp discontinuity, especially on the north 
between the upper slopes and the precipitous sides of the ravine. 
The level of these lateral floors may be assumed to have been 
determined by that of the Towy valley at some former time. 

Around Trawsnant and Bwlehyftin the sides of the Towy valley 
are steep, the floor is usually narrow, and the river lies mainly in a 
rock-channel. It may be noted also that the slopes below a level 
of about 1000 feet are considerably steeper than above that level, 
and the small streams which flow over the higher ground in graded 
valleys hang conspicuously above the main valley. This is well 
illustrated by a small tributary which enters from the west nearly 
opposite Bwlchyftin. Again, that place derives its name from two 
cols which occur close together west of the house at a level in the 
solid rock of about 875 feet, the ground north and south of the 
pair rising sharply to 1100 or 1200 feet. They are probably 
due to conditions under which two small streams, that rise 
near the eastern watershed of the Towy basin, flowed into the 
Towy through these cols, but have subsequently been diverted 
southwards along the strike-valley of Nantyflin. The river into 
which they flowed must have been at a level of 850 to 870 feet 
above O.D. Nantyffin turns westwards into the Towy near 
Ystradffin; but the wide valley in which it hes is prolonged 
southwards beyond the point where the stream turns into the 
Towy (fig. 6, p. 606). The highest point on its floor is 611 feet 
above O.D., or only a few feet higher than the junction of the 
tributary with the Towv. The extensive flat or ‘Ystrad’, to which 
Ystradffin owes its name, has been developed near their junction at 
a point where the escarpment of grey mudstones has been breached 
for a distance of about half a mile. This break in the escarpment, 
coupled with the wide dry valley leading from it, gives the 
impression that the latter was, at one time, the course of the 
Towy. At present, however, that river turns westwards through a 
narrow defile over 600 feet deep, which has been excavated in the 
hard basal rocks of the grey mudstone group. West of the defile it 
joins the Pysgotwr at ‘Towy Rocks’, but the two rivers are not at 
grade. The Towy slides over rocks and boulders in a magnificent 
cascade into the Pysgotwr, descending through a vertical distance 
of 60 to 80 feet in a horizontal distance of about 300 yards. In 
times of flood this cascade of foaming water is an impressive sight. 
Below Towy Rocks the valley opens out, its widening floor being 
covered with extensive glacial and alluvial deposits, among which, 
with a few exceptions between Rhandirmwyn and Llandovery, the 
river meanders until it reaches the head of the estuary at 
Carmarthen. 

Near Rhandirmwyn the slopes of the valley are moderately 
steep, and at Galltyberau (13°3), Y Foel at the junction of the 
Gwenffrwd valley (14-2), and Allt Nantyronen above Towy 
Bridge, they are markedly concave and stepped in a manner 
suggestive of remnants of an old floor high above the present. 


Or J Groe No. 3820. 2k 


580 PROF. 0. T. JONES ON THE [vol. xxx, 


valley. If, however, this be a correct explanation of these 
features, they afford no more than a rough indication of the former 
level of that floor. 


TV. THe Camppwr. 


The Camddwr rises at a level of some 1600 feet, about a mile 
anda half south of Penybwlch, and flows on an almost straight 
course for 84 miles to join the Towy 6 miles north of Rhandirmwyn. 
Its valley may be divided into three regions. The first region 
includes the upper 3 miles of the valley, from its source to the 
neighbourhood of Rhydymeirch. The slopes are gentle and evenly 


Fig. 4.—The Oamddwr Valley above Rhydymeirch, 


showing late-mature features. 


curved, the floor is wide and covered with a level spread of 
Boulder Clay, and the spurs of the valley rising above the drift 
are set wide apart (see fig. 4). The river-channel is flanked by an 
alluvial floor of varying width cut in glacial deposits. Rock is 
rarely seen along its course, except above Nant y Maen (1°4) and 
at Firwd y Gamddwr (1:9), where a bar of massive grits has given 
rise to the waterfall of that name. Below the fall the valley-floor 
is at its widest, and the river meanders over an alluvial plain 100 
to 150 yards wide. Throughout this reach of the valley the 
tributaries are concordant with the main river. 

In the succeeding section, which includes approximately the next 
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3 miles from near Rhydymeirch to Rhydtalog (6:7), the floor is 
narrower, the slopes are steeper, and the glacial deposits diminish 
in amount. The opposing spurs are, therefore, closer together, and 
in a view up or down the valley they overlap distinctly. There is 
little indication of the U-shaped transverse profile which is so 
characteristic of the Towy valley near Nant Stalwyn, and they 
preserve almost unmodified their even convex form. Throughout a 
great part of this region the river lies in a narrow rock-channel, the 
depth of which corresponds approximately to the rise of the river 
in heavy floods. The majority of the tributaries are at grade with 
the main river; but those between Maes-glas (4°0) and Nant y 
Graig (5°0) are shghtly discordant. It is in this region, too, that 
such traces as occur in this valley of a concave cross-section may 
be observed. Below Capel Soar (5:7) the rock-channel, in which 
the river lies, gradually deepens. On the west side is a wide 
platform which stands considerably above the level of the river, 
and in which the river-channel appears to have been incised. 

In the lowest region of the valley, which is about 12 miles in 
length, and extends between Rhydtalog (6:7) and the confluence 
with the Towy (8-4), the river is confined in a rock-gorge, above 
which narrow platforms representing traces of an old valley-floor 
are occasionally preserved, as, for instance, near Rhydtalog, and, 
again, about half a mile below (7-2). Elsewhere the sides rise 
directly from the bottom of the gorge to a height of about 
400 feet. On these exceedingly steep and, in places, precipitous 
slopes rock-scars alternate with shaly scree. ‘The rapidity with 
which the traces of the pre-existing slopes and of the old valley- 
floor disappear in a short distance below Rhydtalog is remarkable. 


V. Ture Dorrutre AnD THE Pyscorwr.! 


The Doethie Fawr rises a little below the 1500-foot contour, 
on the plateau east of Tregaron. Its chief source may perhaps be 
regarded as Llyn Berwyn. In its course of about 63 miles, 
before it joins the Pysgotwr, a mile and a half above the con- 
fluence with the Towy, it crosses obliquely the strike of the rocks. 
Its chief tributary is the Doethie Fach (2:8) which enters near 
Maes Bettws, and drains an area almost as large as does the main 
branch. Above the junction with this tributary the valley is rela- 
tively narrow, and the sides are steep. The slopes are even, and the 
spurs overlap distinctly. The channel is frequently rock-bound, 
and where it is crossed by grits they usually give rise to low 
cascades. The Doethie Fach and smaller tributaries are at grade 
with the river. About half a mile below the Doethie Fach the 
valley is exceedingly narrow, and its slopes, while still preserving 
their even outline, are steeper than upstream ; but, a little lower 


1 The lower part of the Doethie valley is continuous in direction with that 
of the Pysgotwr, the profile of which is discussed in detail. In order to 
avoid the use of the expression of * Doethie-Pysgotwr’, I shall include this 
part of the Doethie in the Pysgotwr. 
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down, a progressive sharpening of the ends of the spurs may be 
observed, and near Nant Iwrch (84) the tributaries begin to 
hang above the valley-floor. Im the next mile or so below 
this point the valley develops by insensible gradations into a 
straight deep groove with steep rock-scarred slopes, which rise 
to a height of about 400 feet above its floor. It maintains this 
character down to its junction with the Pysgotwr (64). The 
sides of the valley terminate abruptly upwards in a scar, above 
which smooth convex contours predominate. The tributaries 
hang considerably above the floor of the valley, as is well illus- 
trated by Nant y Cnwceh (5:3) which enters about a mile above 
the Pysgotwr. ‘The upper three-quarters of a mile of the Nant-y- 
Cnweh valley nearly down to the 900-foot contour is well graded ; 
but below that level the stream descends precipitously to the 
Doethie at about 600 feet. Other tributaries show the same 
abrupt contrast between the gradient of their upper and their 
lower portions. 

In the Doethie the distinction between the lower and the upper 
parts of the valley is not so marked as in some of the other 
valleys, and the point where the change sets in cannot be closely 
located. It appears to le between the Doethie Fach and Nant 
Iwrch. 


The Pysgotwr rises at about the same level as the Doethie, 
and nearly 8 miles away to the south. East of Bonborfa (1°6) 
five tributaries of approximately equal length unite to form the 
main river. I regard Nant y Garn, which is slightly larger than 
the others, and is continuous in direction with the valley below, as 
the principal headwater. Each of these tributaries flows in a 
shallow valley, the slopes of which are of mature appearance. In 
the neighbourhoood of Bonborfa all the streams meander over a 
Boulder-Clay and peat-covered moorland which coincides with the 
outcrop of the soft shales in the axis of the Central Wales 
Syncline. Between that place and Nant Gwernog (3°4) the 
slopes of the valley are moderately steep, those on the south-west 
being somewhat steeper than those on the other side. A good 
deal of Boulder Clay lies on the floor, and conceals the lower flanks 
of the valley, so that the opposing spurs are set well apart. The 
channel is developed partly in rock and partly in these deposits. 
Just above Nant Gwernog the valley opens out considerably, and 
is covered by some depth of glacial drift; but between this place 
and the junction with the Pysgotwr Fach (4°5) it becomes 
decidedly narrower, and the river flows wholly in a shallow rock- 
channel. ‘The tributary streams are, however, graded throughout, 
and the slopes of the Pysgotwr valley present the evenly-convex 
outlines characteristic of its upper reaches. Just above the mouth 
of the Pysgotwr Fach—a tributary which flows parallel to and a 
little south of the main river—the floor of the valley is trenched 
by a narrow gorge, which within a distance of 100 yards increases 
in depth to about 80 feet. A similar feature may be observed in 
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the valley of the Pysgotwr Fach. This gorge rapidly develops 
into the remarkable ravine which below this point takes the place 
of the mature valley above. The gradient around Bryn Ambor 
(3'8) is about 60 feet per mile; but below the junction with the 
Pysgotwr Fach the river descends over 300 feet in the same 
distance. In this valley, as in the Camddwr, it is remarkable how 
rapidly traces of the floor of the mature valley have been 
obliterated. Just below the junction of the two Pysgotwrs there 
is a well-developed narrow shelf at a level of about 880 feet, and 
a quarter of a mile below there is a wider remnant between the 
800- and 900-foot contours, but there is no trace of this shelf 
lower down. ‘There the slopes are rocky and steep: they do not, 
however, differ markedly in form from those bordering the mature 
valley above the junction with the Pysgotwr Fach. Nevertheless, 
a certain change in their character may be noted at a level of 
about 1000 feet, where the steep and rock-scarred valley-sides give 
place upwards to smoothly-convex grass-covered slopes which lead 
up to the surface of the plateau. These smooth slopes at the brow 
of the ravine are almost the only traces that remain of the older 
valley-sides. 


VI. Tar Corut-GwEeNFFRWD. 


The Cothi rises at about the 1250-foot contour on the plateau 
6 miles west of the Towy valley, and flows south-eastwards for 
about 8 miles. In this section the valley is wide, with smooth 
even slopes, and the opposing spurs are wide apart, a condition 
partly due to glacial deposits on the floor of the valley. Further, 
the tributaries are at grade with the main river. These charac- 
teristics may be recognized as far as Garthynty (2°4); but, near 
that point, the river winds for about 350 yards through a narrow 
gorge which forms a loop below the farmhouse. There is, how- 
ever, no essential difference between the character of the valley 
above and immediately below this gorge, which may be looked 
upon as an accidental feature, a former channel being probably 
concealed under drift due south of the farm. Less than a quarter 
of a mile below the point where it emerges from the gorge (2°8) 
the river plunges into a narrow, almost straight ravine, carved in 
the floor of the old valley. The river descends in a series of 
caseades through a vertical distance of 240 feet in less than half 
a mile; then it turns almost at right angles towards Aber- 
Branddu. The old valley is well preserved on each side of the 
ravine; but, instead of turning south-westwards with the river, 
it continues eastwards, gradually increasing in width, past 
Bwlchyrhiw. Near that place it is, however, almost dry, being 
occupied only by a tiny stream called Nant Cartws, which 
descends the steep slope from Crugiau Ladies, and then flows 
sluggishly along the flat marshy floor of the valley. West of 
Bwlchyrhiw another streamlet flows back, to fall over the edge of 
the ravine into the Cothi. The watershed between the eastward- 
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and westward-flowing drainage is near Bwlchyrhiw, and at a level 
of 854 feet above O.D. Nant Cartws reaches the floor of the valley 
almost on the watershed, but is too insignificant to have given 
rise to a delta or corrom. At the foot of the slope it has cut 
a channel a few inches deep in Boulder Clay, and at one point a 
slight obstruction would cause it to flow westwards towards the 
Cothi—in fact, it appears at times to do so, but at the time of my 
visit it was prevented from taking that course by a few clods of 
earth which had been put there for the purpose. 

The floor of the valley in the Bwlehyrhiw gap is covered by a 
considerable depth of Boulder-Clay; but, between the col and the 
edge of the Cothi ravine, rock is exposed a few feet above the 
800-foot contour, and, again, about half a mile east of the col at a 
little below 800 feet. The rock-floor of the gap appears, therefore, 
to slope eastwards from the edge of the ravine, and its level is 
such that the river occupying the old Cothi valley would naturally 
flow that way. Near Capel Bwlehyrhiw a tributary named Nant 
Melyn enters from the north, and at this point there is a steep 


descent towards the lower part of the valley, where the principal 


river, the Gwenffrwd, enters. The old valley in the Bwlchyrhiw 
gap hangs distinctly above the present floor of the Gwenffrwd, 
and at the bend west of Bwlehyrhiw it lies more than 100 feet 
above the bottom of the Cothi ravine. The upper parts of the 
Nant Melyn and Gwenffrwd valleys also hang above the lower 
part of the Gwenffrwd valley, so that beth the lower Gwenffrwd 
and the lower Cothi valleys have been carved in the floor of an 
older valley, which has thus been attacked at two distinct points. 
From Capel Bwlehyrhiw to the Towy the Gwenffrwd valley 
widens gradually, and an increasing depth of glacial and alluvial 
deposits covers its floor. It resembles in its essential features the 
lower part of the neighbouring Doethie valley. 


VII.. Basz-LEVELS OF THE VALLEYS. 


That the existing Towy valley as far up as the neighbourhood 
of Fanog has been excavated in the floor of a pre-existing valley 
is supported by the clearest evidence. At the point where the 
river passes from the old into the new valley there is a change in 
the valley-slopes and in the gradient of the river, so abrupt that it 
may be described as a topographic unconformity. The gradient 
near the source of the river is nearly 250 feet per mile, but 
diminishes to about 40 feet per mile above Fanog, where it 
suddenly increases to something like 200 feet per mile, thereafter 
diminishing continuously to about 2 feet per mile in the tidal 
region at Carmarthen. A gradient equal to that above Fanog is 
only reached again 54 miles below. In a similar manner, the 
relatively gentle slopes of the old valley give way suddenly to 
the precipitous sides of a ravine, and slopes of the same inclina- 
tion as those of the old valley do not occur again for some distance 
down the valley. 
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The discontinuity in the topographic features of the valley 
shows most clearly in the longitudinal profile. The discontinuity 
in the transverse profile or cross-section is more rapidly obliterated, 
anda few miles below Fanog it is difficult to discover that the 
valley-slopes have been refashioned. 

Along the Pysgotwr the change from the old valley to the new 
is even more sudden; near Pysgotwr-fach the contrast between the 
smooth slopes of the old valley and the rock-scarred precipitous 
sides of the newer valley is remarkably striking. 

On the Camddwr the features of the lower part of the valley 
near its junction with the Towy are very distinct from those above 
Capel Soar (5°7) about 2 miles up, and still more distinct from 
those below Maesglas (4:3). The average gradient near the latter 
place is about 55 feet per mile: it is decidedly steeper for the 
next 2 miles, amounting on the average to about 80 feet per mile ; 
but, between 6°6 miles and the junction with the Towy, the average 
gradient is nearly 120 feet per mile. There is, therefore, a 
pronounced steepening of the profile in the lower part of the valley ; 
but there is no abrupt transition as in the Towy and Pysgotwr, and 
it is difficult to locate precisely when these changes set in. 

On the Doethie the change is still less marked, and appears to 
oceur higher up the river than in the adjoining valleys, so that 
more of the old valley has been removed. 

In the Cothi valley the discontinuity is quite as pronounced as 
in the Towy or Pysgotwr; but the relationship of the present to 
the pre-existing valley is, in that case, complicated by the diversion 
of the river into a new course. 

The change in each valley can be attributed to rejuvenation 
brought about by an elevation of the area, whereby the river- 
gradients have been greatly increased, thus leading to renewed 
erosion of the valleys. 

Between Carmarthen and Llandovery the Towy is graded with 
the existing sea-level, and the tributaries which enter it are at grade 
with the main river; but from Llandovery to Fanog the graded 
condition has not been fully attained. 

The valley above Fanog is not graded with that below, and 
appears to have been fashioned at a time when the level of the 
land stood relatively lower than at present. The tributaries which 
enter above the point of rejuvenation are, with minor exceptions, 
approximately graded with the old valley ; but below that point, 
as will be shown later, only the upper part of each tributary valley 
above its own point of rejuvenation appears to have been graded 
with the old Towy valley. 

In this region, therefore, we have evidence of two distinct base- 
levels corresponding to two different cycles of erosion. The lower 
portion of each valley has been determined by the existing level 
of the sea as a base-level, while the upper portions of the valleys 
are related to a different and older base-level. In order to avoid 
confusion and cumbrous description, these levels will be referred 
to as the Llandovery and Fanog base-levels respectively. 
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By an analysis of the longitudinal profiles of the main river and 
its principal tributaries above Rhandirmwyn, I have attempted to 
determine as nearly as possible the ancient base-level and thereby 
to reconstruct the old drainage-system which has been to a great 
extent destroyed by subsequent erosion. 

As will be shown below, there is some reason to infer a third 
base-level to which the uppermost regions of the valleys correspond. 
This will be referred to as the Nant Stalwyn base-level. 


The Longitudinal Profiles. 


The Towy.—The profile obtained by plotting the levels of 
points on the floor of the valley against the distance from the 
source measured along the mean course of the valley is a rather 
irregular curve, in which short reaches of relatively high gradient 
alternate with longer reaches of lower gradient; but, despite 
numerous irregularities, 1t is obvious at a glance that the average 
gradient diminishes downstream, since a smooth line drawn through 
the levelled points so as to represent the average level of the valley- 
floor is a concave curve which steepens rapidly towards the source 
of the river. The average gradient at any pomt in the valley can 
be determined by estimating from this curve the level of the floor 
at numerous points—say, at each fifth mile—and dividing the 
difference between adjoining points by the distance between them. 

If the values of the gradient so obtained are also plotted, and a 
smoothed curve drawn through the points, the change in the 
gradient is strikingly shown. It diminishes rapidly in the first 
5 miles of the valley, and thereafter much more slowly. 

Considerable differences are revealed between the actual level of 
the floor and the average profile represented by the smoothed curve. 
The reason for these differences need not be considered at this stage, 
but it is obvious that the river is not in complete adjustment with 
the valley-floor. In those parts of the valley where the floor is 
above the average level the river is confined in a narrow rock- 
channel where active erosion is in progress. In the intervening 
reaches its channel hes in gravel, and is bordered by a varying 
width of alluvial deposits, so that the river there has the 
appearance of being fully graded. ach rock-barrier serves as a 
temporary base-level for the graded reach immediately above, and 
with its progressive lowering the grading of the upstream reach 
keeps pace with the changing base-level. The profile is, therefore, 
approaching closely to the graded condition, and, when the river 
has worn down its rock-channels by a few feet, the level of the 
valley-floor will not depart sensibly from a smooth curve, drawn 
so as to pass through the majority of the points in the existing 
graded reaches. ‘The amount by which the rock-channels must be 
lowered to attain this profile varies from 4 to 12 feet in the lower 
region (between 4 and 8 miles) and from 14: to 22 feet in parts of 
the upper region (between 2 and 4 miles). 

As regards the lower region, it is probable that in pre-Glacial 
times a mature profile had been attained, and that the existing 
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irregularities have been caused in various ways by the subsequent 
occupation of the valley by moving ice; but, as regards the upper 
region, especially between 3 and 4 miles, there probably was an 
abr upt change in the level of the valley-floor, which has been partly 
reduced or toned down by glacial erosion. The evidence which is 
discussed on p. 598 leads to the conclusion that the pre-Glacial 
profile of the Upper Towy consisted, in fact, of two mature reaches, 
separated by a step in the valley-floor w hich was in process of being 
lowered by river-erosion. These two reaches correspond to two 
periods of base-levelling. The irregularities in the longitudinal 
profile are, however, of minor importance in comparison with the 
_size of the valley, which on the whole presents a thoroughly 
mature aspect with relatively smooth convex slopes. We may, 
therefore, assume that the smooth curve drawn through the graded 
reaches represents the form of the mature valley that will in time 
be excavated in these slaty rocks by the Towy. Such a curve 
gives a closer approximation to the fully-g graded protile of the 
valley than ‘one which represents the average level of the valley- 
floor. It is possible, however, that in the fully mature stage the 
profile would be slightly more concave than this curve. This is 
suggested especially by the fact that the gradients between 4 and 
6 miles are, on the whole, in excess of a smoothed gradient curve.! 
The slopes of all the tributary valleys are similar in form to those 
of the main valley, and their floors have been eroded to a concave 
profile, so that we are clearly dealing with a drainage-system in a 
mature stage. The mature valley persists down to the point where 
active erosion of the floor and slopes is in progress. Even below 
that point, in most of the valleys, there are more or less obvious 
traces of the pre-existing valley-floors. As there is no reason to 
believe that the profiles of the valleys above their points of 
rejuvenation have been altered by the subsequent erosion of the 
valley below, the mature valleys must have existed substantially in 
their present form since the time when they were graded during a 
former period of base-levelling. It is probable, however, as 
suggested above, that some modification of their floors and slopes 
may have been produced by glacial erosion. 

The smooth curves obtained in the manner described above, 
which represent (a) the level of the valley-floor at increasing 
distances from the source, and (0) the gradient of the valley, 
indicate that the levels and gradients steadily diminish downstream, 
or (in other words) that the valley becomes lower and markedly 
flatter in that direction. 

The detailed form of these curves is-probably determined for 
each river mainly by the volume of the river during flood. The 
nature of the channel, or of the deposits in which it is excavated, 
may also exercise some influence. These deposits vary in size, from 
large boulders down to fine mud, and the form of the longitudinal 
profile reveals the gradient required by each river to transport its 
normal load. The volume of a given river depends upon the area 


1 See Gradient Curve, Pl. XLIV. 
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of the watershed, the rainfall and the ‘run-off’; the flattening 
of the profile downstream is undoubtedly related to the increase 
of volume which goes with increase of the drainage-area. 

It is important to bear in mind that the “profiles that we 
have been discussing are those of the existing rivers in relation 
to their present circumstances ; but, if next we proceed on the 
hypothesis that the ancient Towy river which excavated the mature 
pre-Glacial valley, especially between Fanog and Nant Stalwyn, 
had the same profile as the existing river, we can by extrapolation 
reconstruct the ancient valley in the 1 region below the point where 
it has been destroyed by rejuvenation, and also obtain an estimate 
of the present height above sea-level of the ancient base-level. It 
cannot, however, be assumed without some knowledge of their 
régime that the ancient rivers had the same profile as their present- 
day successors, since their volume and load may have been different. 
The influence of these factors is discussed below. 

In the absence of information regarding the form of the rock- 
floor in pre-Glacial times the relation which the profiles of the 
existing rivers bear to those of their predecessors cannot be 
accurately determined. We find, however, that each river en- 
counters rock in innumerable places, not only at the side of the 
valley but in the centre as well, which may be interpreted to mean 
that the cover of superficial deposits is in general of limited thick- 
ness, and that the present profile of the rock-floor coincides 
approximately with the profile of the flood-plain. Further, there 
is no reason to believe that the glacial excavation was so severe as 
to invalidate the assumption that the profile of the ancient valley 
was not materially different from that of the recent valley. It is 
true that in parts of the valley there are rock-steps which indicate 
inequalities in the floor; but, in comparison with the width and 
depth of the valley, they are of inconsiderable dimensions. 

If we can succeed in finding a mathematical expression to 
which the profiles of the existing rivers conform, those profiles 
can be prolonged by extrapolation and thus afford a means of 
reconstructing the floors of the ancient valleys which have 
been destroyed by erosion. Moreover, the base-level to which the 
ancient drainage-system was graded can be approximately deter- 
mined. In applying this method we can make use of the 
principle that in a mature system the level of the flood-plains of a 
tributary, and of a main river at their junction is approximately 
the same. The rock-floors are not, in general, accordant, because 
the depth of river-deposits in the main valley is usually greater 
than in the tributary valley; the discordance is, however, 
comparatively small, and corresponds to the difference in the rise 
of the two rivers during floods. 

The extrapolated profile of a tributary should, therefore, give 
nearly the same level for the ancient valley-floor at the junction as 
does that of the main river. There is probably. also some 
relation between the gradient of a tributary and that of the main 
river at the point where they meet; the nature of this relation has 
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not, so far as I know, been determined. If the law connecting 
the gradients were known, a further He Shadi principle would be 
available for the reconstruction of the old valleys. The appearance 
of the river-profiles published by A. Penck,! G. de la Noé,? and 
others, suggests that the profile of a main river is an envelope 
to those of the tributaries, in which ease all the curves should have 
a common tangent at their junction, or (in other words) should 
have the same eradient at these points. This is almost certainly 
not the true relation ; rather there appears to be some evidence of 
a discontinuity at the junction of a cabubeny with the main river 
and that the eradient of the former is, in general, higher than that 
of the latter, the difference i increasing with the dittor ence between 
the volumes of the rivers. This is more evident in small tributaries 
than in large ; the alluvial cone of a small stream debouching on a 
wide valley-floor has usually a well-defined margin, and rises 
sharply out of the flood-plain of the main river. 


The appearance of the profile suggests that it might be 
expressed by either a parabolic, a hyperbolic, or a logarithmic 
function: and various forms of all these functions have been tried. 
The best expression appears to be that which was suggested by 
the form of the gradient curve, which resembles a rectangular 
hyperbola. This curve can be expressed by the formula (#+a) 
(g+b)=hk', where w is the distance measured from the arbitrary 


ae : : ‘ ay 
origin of the river, g is the gradient £7 , and a, 6, and k’ are 


Ha bp 


constants (a and 6 may be positive or negative). It is found, 

fact, that a formula of this type gives a fairly close eee 
of the gradient in different parts of the valley, and (if the 
expression be integrated) we obtain an expression of the following 
form for the profile:—y=- log (a#+a)—b(w+a)+c, where a, a, 
and 6 have the same significance as above, y is the height of the 
valley-floor above Ordnance Datum, and / and ¢ are new constants. 
This represents a logarithmic curve on which is superposed a 
straight line, or, in other words, a logarithmic curve referred, not 
to a horizontal, but to an inclined datum-line. The logarithmic 
component is the more important for moderate distances from 


ee : : CS ke 
the origin. The corresponding gradient, g or oe is given by 
the expression g= —6 where k' =k logye = ‘434k, or 
eta 3510 


(g+ b)(wpajsk . Since the value of y diminishes with in- 
creasing values of wv, the gradient is negative, and, since «+a is 
positive, then ’ and & must be negative. The constant c= F— b, 
Y being the value of y when ++a=1; but, since 4 is in general 
small, ¢ is approximately equal to Y. The expression is best used 
for purposes of calculation in the following form :— 


y=c—k log (a+a)+b(e+a). 


‘Morphologie der Erdoberfliiche’ 1894, p. 3238, fig. 23. 
G. de la Noé & EH, de Margerie, ‘ Les Formes du Terrain’ 1888, pl. xvii. 
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The disadvantage of the expression is that, ee b is zero, the 
gradient does not “vanish for infinite values OL. This would 
appear to be a necessary condition, since the main river ultimately 
flows into the sea where the gradient is sensibly zero; but if, as 
suggested above, there is a discontinuity of gradient where two 
hodies of flowing water unite, the smaller body may retain a 
perceptible eradient up to the point where it becomes merged in 
the larger body. Another disadvantage is that the value ‘of the 
constants can only be obtained by trial. This has been done 
by first constructing a smoothed gradient curve, and, on the 
assumption that it is a rectangular hyperbola, finding an approx- 
imate value of a from this curve. The other constants corre- 
sponding to that value of a, and also other values differing from 
it by small amounts, were then determined by calculation. For 
each set of constants so obtained the values of y for a number 
of points along the valley-floor were calculated, and compared with 
those read off directly from the curve. That value of a which gave 
the closest agreement, especially in the lower part of the profile, 
was selected for the purpose of extrapolation. 

If 6 is assumed to be zero, an approximate value of @ can 
be obtained directly, and the substitution of this value of the 
constant in the formula gives approximate agreement with the 
curve ; but a better result is, in general, obtained when a slightly 
different value of a, is used. The gradient curve was constructed 
by determining from the smoothed profile the level of the valley 
at each tenth mile, taking the difference between alternate pairs 
corresponding to a distance of one-fifth mile, and plotting the 
resultant gradient against the values of w corresponding to the 
middle of each interval. A smoothed curve was then drawn 
through the points so obtained (see Gradient Curve, Pl. XLIV). 

The three points v= °5, 4°5, and 8°5 measured in miles from the 
arbitrary origin selected were used in finding the constants. 
The constant 6 is zero for a value of a=1°'86, but a closer 
correspondence with the smoothed profile is obtained when a 
is somewhat greater than this figure. The following table (I) 


TABLE: I. 


‘ 


Values of the constants c, k, and b for different values of a in the expressions 
dy k’ 


y=c-+k log («@+a)+b (w+a) and g= — agi Saree —b. 
a | 0-6 0-9 12 18 | 2-0 4 
ec | 1462 1522'3 1590°6 17423 | 1797-8 1915°8 
ke | —487°6 | —5788 | —6791 | —8004 | —967°6 |—1194°4 
b | 1702 | —1986 | —83 +013 | +288 | +8'32 
k’ | —211-78 | =251:39 | —294:24 | —397-57 | —420°28 —488'33 


shows the values of c, 4, and 6 in the above expression for 
varying values of a. The succeeding table (IT) is a summary of 
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the results obtained by the use of various constants; it shows the 
value of y corresponding to the mile-points between 1 and 8 miles 
from the origin, and the difference between the calculated value 
for each point and that obtained from the curve. The calcu- 
lated levels of the reconstructed Towy valley at the points 
where the Camddwr and Pysgotwr enter, and also at the mouth 
of the present river below Carmarthen, are also given. The level 
of the old valley at its junction with the Pysgotwr is calculated 
on the assumption that the two rivers met above the Ystradffin 
gorge. The level at the junction has also been calculated on 
the assumption that they met at Towy Rocks as they do at 
present. For comparison with the tributaries, the gradient of 
the Towy at its junction with the Pysgotwr on the first of these 
assumptions is shown. 

It will be seen from the table that, while all values of a give 
levels of the valley-floor between the third and the eighth mile thit 
differ by only a few feet from the curve and in some cases differ 
only by inches, no value gives a satisfactory agreement at the 
first mile and only the smaller values at the second mile. Greater 
importance is attached, however, to close agreements with the 
lower part of the curve, since our confidence in reconstructing 
the old valley by extrapolation is increased in proportion to the 
degree of accordance between the calculated and the smoothed 
profile in the lower region. In this respect there is little to 
choose between the Wales of @ in the last three columns, for 
each of which the average difference hes between 0°83 and 0°5 
foot, which are within the limits of error of plotting of the 
results, and the individual differences are somewhat irregular, 
some values being too large, others too small. 

From these results we find that the level of the ancient 
valley-floor at its junction with the Camddwr varies between 
7965 and 802-2, the most probable value being just above 
800 feet. This confirms the interpretation of the shelf near 
the junction of these valleys which stands at 800 feet above 
Ordnance Datum as a remnant of the old floor. The level of 
the present valley-floor at that point is 685 feet, or 115 feet 
lower. Similarly, there is no great difference between the extreme 
values for the level of the Towy—Pysgotwr junction which range 
from 700°8 to 725°6. We may take 723-7 or 725°6: namely, 
those given by the curves for which a=2:0, or a=2'4, as being 
nearest the true values. The existing valley-floor is 265 feet 
lower: that is, about 460 feet above Ordnance Datum. The 
difference between the old valley-floor and the present valley 
thus appears to increase at the rate of about 50 feet per mile ; 
but it is evident that it cannot continue to increase at this rate. 
On the other hand, the difference will not become smaller 
downstream unless, as is unlikely, the gradient of the old floor 
was steeper in that direction than that of the present floor. A 
rough approximation to the base-level of the old valley-system 
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is thus obtained. It now stands at least 265 feet higher than 
the present sea-level. 

If we attempt to determine by extrapolation the values of y 
at the present mouth of the Towy, 56 miles from the origin, 
slight differences in the value of a give rise to wide divergences 
in the level of the old floor at that pointes hus, ‘fors@=—1:S, 
y=178; for a=2, y=259; and for a=2°4, y=415°6. The first 
two figures are (as shown above) too low, and the last may be too 
high, but rough limits are thus obtained. 

A closer approximation to the ancient base-level can be obtained 
by making use of the profile of the present river as a control 
in extrapolating from the upper part of the curve. Between 
Rhandimwyn and Llandovery the Towy is, in places, confined 
in a narrow rock-gorge. At those points active erosion is in 
progress, and the profile has not acquired its final form; but 
between Llandovery and Carmarthen the river meanders through 
a wide alluvial plain, and its profile has attained stability. 

The values of y along the ancient valley have been calculated 
for a=2 and a=2-4 from the head of rejuvenation above Fanog 
to the mouth of the Towy 6 miles below Carmarthen, and the 
prohle of the present valley-floor between the Towy—Pysgotwr 
junction and the same point has been constructed from the 
contour-lines and spot-levels on the l-inch maps. The flood- 
plain at the mouth of the river is about 13 feet above O.D. 
The latter profile was copied on tracing-paper, and compared 
by superposition with the two calculated profiles, the base- 
lines being kept parallel. The curve for a=2'4 coincides with 
the recent profile between 30 and 388 miles; above 30 miles the 
recent valley-floor has a higher gradient, as might be expected, 
since in that region it is in process of being lowered by erosion. 
Below 38 also the recent valley has a slightly higher gradient 
than the curve; but, if we assume that the calculated curve is 
not seriously in error at 30 miles, and that thereafter it has 
the same profile as the present floor, it would stand at the mouth 
ot the Towy at 397 feet above O.D. <A well-graded river 
traversing an area deeply covered by the products of rock-decay 
would probably have a flatter profile than the present Towy, 
wherefore this figure may be too low. The value of y at that 
point obtained by calculation from the formula is 415-6, corre- 
sponding to an ancient ‘Ordnance Datum’ of about 403 feet. 

With the value of a=2, coincidence between the two profiles 
is obtained between 22 and 28 miles, but the fit is evidently less 
satisfactory than with the previous curve: especially below 28, 
where the recent valley has a considerably lower gradient. 
Assuming that the calculated profile is approximately correct at 
22 miles, and is replaced below that point by the recent profile, 
the ancient valley-floor at the mouth of the Towy would stand 
at 350 feet above Ordnance Datum: the value given by the 
curve is 259 feet. These values are certainly too low, those 
obtained from the previous curve being probably nearer the truth. 
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We thus arrive at the conclusion that the ancient base-level 
is now at least 384 feet, and possibly as much as 403 feet, 
above its former level. 

We Arrive at somewhat similar figures by using the recent 
profile as a control in another way. After the gradient of a 
mature valley has attained a given value, it diminishes downstream 
according to some law that is characteristic of the river. This 
law may be expressed approximately, as shown above, by a 
formula; but, as there are points in the present valley (say, near 
Rhandirmwyn), which have the same gradient as the old valley 
above Fanog, the law of change of gradient may also be 
obtained by superposing a part of the recent profile on some 
part of the profile above the head of rejuvenation, so that they 
coincide for a certain distance (the base-lines of the two profiles 
being kept parallel as before). There is, therefore, no extrapo- 
lation of the ancient valley, since the prolongation downstream 
of the profiles of the old valley is assumed to be the same as that 
of the recent profile. The result is interesting: it is found that, 
by superposing point 12°8 of the recent profile on 8-2 of the 
ancient profile—that is, a third of a mile above where the ancient 
valley is being eroded away,—the profile calculated from the 
formula in which @a=2°4 does not depart anywhere from the 
recent profile by more than 10 feet beween 8-2 miles and 
Carmarthen, a distance of about 40 miles. The average departure 
is 35 feet. The formula gives, therefore, an almost exact re- 
presentation of the form of the recent profile for a distance of 
over 40 miles, and it is clear that (although it is based on infor- 
mation derived from points only a few miles from the source) 
it summarizes the behaviour of the river many miles below 
with some exactness. In order to produce the superposition 
of the curves, the base or Ordnance-Datum line of the recent 
profile has to be raised 414 feet; and this figure gives another 
estimate of the difference between the ancient and recent sea- 
levels. The superposition has been done in another way by 
making use of the gradients. Those of the old valley were 
calculated from the formula for two values of a (2 & 2°4) and 
plotted against the distance from the source. The curves so 
obtained were traced and superposed on the gradient-curve of the 
recent profile, so as to brmg some one point where the gradients 
were the same into coincidence. If the two curves then fitted 
closely, it followed that the gradients at the other points down- 
stream were the same, or, in other words, the two profiles had 
the same form. It was found that, by bringing the gradient 
corresponding to point 10:5 on the old profile (a=2-4), to 
coincide with that at point 15-2 on the recent profile, the two 
curves fitted closely. The level at point 10° is 774 and at 
15-2 it is 362, the difference being 412, thus agreeing very 
nearly with the previous result. The last two values are believed 
to be somewhat too high, as, by the method of superposition 
employed, a part of the river which has a large volume is 
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superposed on a part which has a smaller volume. For exaimple, 
the gradient at the lower point 15-2 will ultimately be lower 
than it is at present when the valley above Llandovery has been 
more perfectly graded, so that, in order to obtain the same 
gradient as at 10°5, a part of the recent profile lying higher 
upstream (and, therefore, at a greater height above O.D.) would 
have to be superposed on the ancient profile, and a smaller 
difference between the levels at that point would result. 

If the same process is attempted for the curve in which a=2, 
it is impossible to obtain coincidence of either the profile or the 
gradient curves for more than a short distance, and it is clear 
that this curve represents much less closely the characteristic 
behaviour of the river than the curve obtained from the higher 
value of a. 

Summarizing these results, we find that the base-level to which 
the ancient Towy drainage-system was graded now stands at 
a height of between 384 and 414 feet above the present sea-level. 
The latter value is probably too high, and the former possibly 
too low; but these studies have made it possible to define the 
change in base-level within very narrow limits. 


The argument rests, however, on two important assumptions : 
(1) that the ancient river was comparable in (a) its volume 
and (6) the nature of its load with the present river; and (2) 
that there has been no tilting of the area subsequent to the 
grading of the mature valleys which are now preserved in the 
Upper Towy system. There is abundant evidence that the 
ancient valleys had been destroyed by erosion for a distance of 
nearly 50 miles above the mouth of the present Towy before 
the advent of the Glacial Epoch, and that the displacement of the 
point of rejuvenation upstream by Glacial or post-Glacial erosion 
has been relatively trifling. The change of base-level which 
caused the rejuvenation must, therefore, have occurred long before 
that epoch, The lower region of the ancient valley had reached 
its mature stage before the rejuvenation commenced, and must 
have been fashioned during some part of the Tertiary Era. 

As regards the vohime of the river which eroded it, the effect 
of the rejuvenation has apparently enlarged somewhat the 
drainage-area of the Towy system at the expense of that of 
neighbouring systems, and a tributary such as the Cothi has 
undoubtedly suffered considerable changes; these have had the 
effect of diverting some of the water which flowed into the 
ancient river near Rhandirmwyn, so that it now enters the Towy 
imany miles lower at Nantgaredig. It is believed, however, that 
the change in the area of the drainage-system as a whole was 
probably small. 

The volume of a river depends on other factors than the 
drainage-area. Among these the rainfall is the most important, 
and, although it is not possible to estimate the rainfall of the 
Tertiary Era, general considerations suggest that it was lower 
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than at present, owing to the smaller relief. On the other hand, 
the area may have been nearer the sea than at present, a circum- 
stanee which might or might not increase the rainfall, or the 
climate may have been radically different, perhaps tropical or 
sub-tropical. A smaller rainfall on the same area as that of 
the existing drainage-system connotes a siwaller volume in the 
river, which would, therefore, require a higher gradient to enable 
it to carry the same kind of load as the existing river. Further, 
with lower relief, the run-off would be less than at present ; 
while, if the area were under tropical conditions, an abundant 
vegetation would also affect the run-off. 

As regards the load, the maturity of the ancient drainage- 
system denotes a long preceding period of denudation, during 
which the rocks of the area were covered by a thick mantle of 
weathered products. The type of material carried into the ancient 
rivers would, therefore, probably consist largely of fine silt and 
mud; while the recent rivers derive their load to a great extent 
from glacial materials which are (on the whole) mueh coarser 
than the products of rock-decay. It may, therefore, be assumed 
with some confidence that the load was of finer grade than at 
present, and would require, therefore, a smaller gradient for its 
transportation. The influence of a probable smaller rainfall and 
of a probable finer load are in opposite directions, and, as a first 
approximation, we may assume their effects to balance. 

The second assumption made above is a more serious one, and 
for its full discussion a much larger region than is dealt with in 
the present investigation would have to be taken into account. 
I hope to return to the consideration of this problem when oppor- 
tunity offers; but, for the present, it is assumed that no tilting 
has occurred. It appears. however, that, so far as can be dis- 
covered within the limits of the Upper Towy drainage-system, the 
combined effects of the conditions discussed above have been such 
as to leave the mature valleys, with minor exceptions, of such 
a form that the present rivers find them adapted to their needs 
without serious modification. On the other hand, it is possible 
that, even if a tilting of the old valleys had occurred subsequently 
to their formation, little change of their form by the present rivers 
would take place above the head of rejuvenation, so that (in the 
upper reaches of a valley) the effect of an uplift accompanied by 
tilting might be difficult to distinguish from that of a simple 
uplift. 

As I have shown that the main features of the Towy valley 
below Fanog can be accounted for by stream-erosion following 
an uplift of the area in pre-Glacial times, it remains to consider 
certain other features which have been mentioned already, but 
were passed over as being of subsidiary importance. These include 
(1) inequalities in the rock-floor of the valley which have been 
designated as rock-barriers and rock-steps ; and (2) hanging tribu- 
taries entering the main valley above the head of rejuvenation. 
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VIII. Rocx-Srers anp Hanging Vanes. 


The rock-steps and hanging valleys appear to stand in a syVs- 
tematic relation one to the other and may, therefore, be considered 
together. The most marked drop in the floor of the Towy valley 
occurs about half a mile above Nant Stalwyn, where the river 
emerges (4-1) from a narrow gorge. The flood-level in this 
gorge stands in places 20 to 25 feet above the profile which has 
been drawn through the graded reaches of the valley, and the 
gorge has been excavated in the floor of a narrow valley of mature 
aspect which stands another 20 to 25 feet above the flood-level. 
The rock-floor in this locality is, therefore, from 40 to 50 feet at 
least higher above the smoothed profile than it is in the graded 
reach immediately below. The tributary Nant Tadarn, which 
enters from the east just below the gorge, cascades into the Dowy 
for a distance of about 3800 yards; and its valley-floor, if pro- 
longed, would stand 80 to 50 feet above that of the Towy 
smoothed profile, and would thus appear to be at grade with the 
valley-floor above the rock-step. Another tributary, Hirnant 
(4°3), which flows in from the west is more conspicuously dis- 
cordant. For about 400 to 500 yards above its mouth the stream 
is in a narrow chasm about 20 to 30 feet deep eroded in the floor 
of a V-shaped valley which, before the gorge was cut, had a 
steep fall towards the Towy. Apart from detailed levelling, the 
only means of estimating the hang of this valley is given by the 
points where the 1500- and 1250-foot contours cut the stream, 
and they show a hang of anything between 40 and 100 feet. 

Lower down, Nant y Gerwyn (5:0) behaves in a similar 
manner. If the average gradient between the 1250-foot contour 
and the Towy valley remained the same as between it and the 
1500-foot contour, the valley would have a hang of 45 feet. On 
the more probable assumption of a diminished gradient in its 
lower course the hang might be as much as 120 feet. Above the 
intersection of the stream with the 1250-foot contour the valley is 
wide and of thoroughly mature aspect. Below that point it is 
narrow and steep-sided, but its form is typically that of a stream- 
eroded valley. 

The valley of the Maesnant stream (5°6) near Nant yr Hwch 
is estimated to hang about 40 to 80 feet above the Towy valley, 
while Nant Cwm-du, which formerly entered at 6:2 but, owing to 
diversion now enters at (60), and Nant y Fleiddiast, both appear 
to grade with a level considerably above the main valley. The 
discordance between the hanging tributary valleys and the Towy 
floor thus increases, on the whole, downstream. 

An abrupt fall in the valley-floor such as occurs above Nant 
Stalwyn, combined with a series of hanging valleys below that 
point, constitute features which have frequently been attributed 
to glacial erosion; and the form of the valley, especially near 
Nant Stalwyn, lends considerable support to a similar explanation 
in this case. The flanks of the valley are decidedly concave, 
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with a smoothed appearance suggestive of intense glacial erosion, 
and in places the rock-surfaces are well striated. Moreover, the 
tributaries above the rock-step also hang, but not to the same 
extent as those below. Thus, the Maesnant tributary grades with 
a level about 15 feet above the present valley-floor, and both 
Nant yr Ergyd and Nant y Bont (3:5) cascade over rock for a 
distance of about 300 yards, indicating a steepening of their 
gradients near their mouths. 

It is undeniable that some glacial erosion of the valley has taken 
place, and the facts so far stated are consistent with differential 
erosion of the floor and widening of the valley by scouring its 
Hanks. ‘There are, however, other facts which tell strongly against 
this explanation. The lower ends of the tributaries flow in 
V-shaped valleys which are narrower than upstream, and have in 
most cases a markedly steeper gradient for the last one-third or 
half-mile of their course. In some of them the narrow chasm 
which may be attributed to post-Glacial stream-erosion can be 
readily distinguished from the V-shaped valley, the excavation of 
which was far advanced before the advent of the Glacial Epoch. 

If the discordance between the floors of the tributaries and of 
the Towy had been produced by overdeepening .of the latter and 
concurrent removal of the lower ends of the tributary floors, as 
described by Dr. A. Harker! in the Cuillin Hills, then the pre- 
Glacial valley should end at the edge of the Towy valley, and the 
tributary, apart from any post-Glacial erosion which may have 
occurred, should descend over a smooth glacially-eroded surface. 
This is contrary to the facts in this valley, since the tributaries begin 
to hang at a distance of from a third of a mile to half a mile from 
the edge of the Towy valley. Moreover, the general movement of 
ice in the region was not in the direction of the valley. The 
stri on the rock-surfaces near Nant Stalwyn point directly across 
the valley ; but, although this may be exceptional, the distribution 
of the conglomerate erratics (see p. 574) on the slope east of the 
Towy points to the same conclusion. The conditions were, there- 
fore, not favourable for effective glacial erosion, and it is more 
probable that the hanging valleys are, in the main, the result of 
an earlier uplift which caused rejuvenation of the main valley and 
of the tributaries. On this view the rock-step above Nant Stal- 
wyn may be regarded as the head of rejuvenation, brought about 
by this uplift. 

The valley above the Nant Stalwyn rock-step must, then, 
be the product of a period of base-levelling earlier than that to 
which the valley between Nant Stalwyn and Fanog corresponds. 

There is, again, some evidence farther down the valley of two 
distinct periods of base-levelling. The 'Trawsnant stream (10'4) 
east of the road from Bwlchyffin to Fanog lies in a valley of late- 
mature aspect, with a broad flat floor and gentle slopes. West of 


' <Tee-Erosion in the Cuillin Hills (Skye)’ Trans. Roy. Soe. Edinb. vol. xl 
(1901) pp. 221-52. 
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the road the stream enters a narrow ravine, on the north side 
of which there is a flat floor continuous with, but narrower than, 
the old valley above (see fig. 5). The gradient of the stream in 
the ravine is at first moderate ; but, before reaching the Towy, it 
becomes precipitous, and the profile of the stream shows two 
distinct changes of gradient. The lowest reach near the mouth of 
the tributary is approximately at grade with the present river; the 
middle reach, if prolonged to the Towy, would stand at about 
780 feet—that is, nearly at the same level as that deduced from 
the profile of the old Towy floor; but the upper reach (if similarly 


Fig. 5.—The Trawsnant tributary valley, showing reiuvenation 
of a late-mature valley. 
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prolonged) would stand ata level of about 890 feet. The aspect 
of the upper reach proves that it must have formed part of a 
drainage-system in a late-mature stage of development. hei 

The tributary Nant Lletty-gleision (10°3) on the opposite side 
of the valley shows similar features. The mature floor is preserved 
to just below the 1000-foot contour, and, if it had a uniform 
eradient equal to that between the 1000- and the 1250-foot 
contours, it would stand at 820 feet in the Towy valley. If we 
make a reasonable allowance for a diminution of gradient down- 
stream, a more probable figure of 880 feet is obtained. 

More striking evidence is furnished by the two cols at Bwlchyffin 
(near 11°3), mentioned onfp. 579. The rock-floor in both is 
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almost exactly at the same level: namely, about 875 feet. It is 
difficult to account for these cols, except on the supposition that 
they represent the former courses of the two streams which descend 
the slope east of Bwlchyftin Farm. The upper valley of each 
stream is of mature aspect, but the lower part is a ravine indi- 

rating a change of base-level. The mature valley of the nor thern 
stream heads directly for the northern col, and that of the southern 
stream heads similarly for the southern col. If this explanation 
of the origin of the cols be ace epted, the valley-floor to which the 
streams were graded must have entered the ancient Towy at a 
level of S6O to “87 70 feet. 

There is a certain amount of concordance between the values 
deduced for the levels of the valley-floor to which these tributaries 
were formerly graded, and it is possible to reconstruct approxi- 
mately the pr ofile of that floor which represents the highest 
base-level observed in thearea. The data are insufficient to enable 
one to draw an accurate profile; but a close approximation to it 

ean be obtained by drawing a smoothed curve from above Nant 
Stalwyn to Bwlehyftin, so as to pass between the upper and the 
lower Rone indicated by the profiles of the tributary streams. 
Further, by superposing on this curve either the profile of the 
existing river or the profile constructed from the logarithmic 
formula (a=2°4), it is possible to obtain an approximate estimate 
of the base-level to which it is related. This appears to be about 
580 feet above O.D. There is no doubt that detailed levelling of 
the minor tributary valleys would enable this most ancient valley- 
system to be reconstructed with considerably greater accuracy than 
is possible at present. 

Thus, within the limits of the Towy valley, three distinct base- 
levels can be distinguished. The lowest or Llandovery base-level 
corresponds to the existing level of the sea; the middle or Fanog 
base-level, to which the valley between Nant Stalwyn and Fanog 
is due, now stands at about 400 feet above O.D.; while the 
highest or Nant Stalwyn base-level probably stands nearly 200 feet 
higher. 


The Camddwr.—The upper part of the Camddwr profile, for 
34 miles from its origin, is a markedly concave curve of consider- 
able regularity, the level of the floor only departing occasionally 
from a smooth curve. In those places, as at Nant y Maen (1-4) 
and Ffrwd y Gamddwr (1:9), the rviver-channel lies in rock 
(see p. 580). At about 4:3 miles the Corneal becomes steeper, 
and, between this point and Capel Soar (5-7), the profile is on the 
whole convex, and the channel lies mainly in rock. Below Capel 
Soar the profile is again concave, and the gradient diminishes down- 
stream to Rhydtalog (6:7); below that place, however, the gradient 
steepens sharply. Near the junction with the Towy the Camddwr 
is graded with that river; but the profile of the middle reach 
between Capel Soar and Rhydtalog, if prolonged downstream, 
would join the Towy valley at a much higher level. It is not 


part 4] UPPER TOWY DRALINAGE-SYSTEM. 601 


possible to determine this level with any approach to accuracy, 
but rough limits can be obtained within which it must lie. The 
average gradient between 5°5 and 6°6 is about 90 feet per mile, 
and if this gradient persisted downstream to the mouth, the profile 
would stand at 734 O.D. or 50 feet above the present valley-floor. 
Since the gradient diminishes downstream, this figure must be 
regarded as a lower limit. On the other hand, the level at 6°6 or 
1°8 miles above the mouth is 894, and the level at the mouth must 
be lower than this figure. Taking account of the rate at which 
the gradient is diminishing, the most likely value les between 
785 and S15 feet. It is probable, therefore, that the part of the 
Camddwr valley which lies between Capel Soar and Rhydtalog is 
related to the shelf in the Towy valley near the mouth of the river, 
which stands at about S00 feet O.D. This shelf is, in turn, related 
to the Fanog base-level. If the profile of the upper region of the 
Camddwyr is prolonged, it would probably stand at a level of about 
900 feet in the Towy valley, and this part of the valley is, there- 
fore, related to the higher region of the Towy, or, in other words, 
to the Nant Stalwyn base-level. The assumption that within the 
Camddwyr valley, as in the Towy valley, there are three distinct 
eycles of erosion, appears to afford the only adequate explanation 
of the physical features of the valley. 


The Pysgotwr.—The profile of the Pysgotwr can be con- 
structed for a length of 23 miles down to the point of rejuvena- 
tion, which is 34 miles distant from the Towy. The gradient 
eurve constructed from the profile is approximately a rectangular 
hyperbola. An expression similar to that which was employed 
for the Towy may, therefore, be used to represent the profile. 

From the gradient curve « is found to be —1°6. Various values 
of aabove and below —1°6 were tried in the logarithmic expression, 
and compared with the curve. The results are given in Table IIT 
(p. 602), which shows also the differences between the calculated 
levels and those obtained from the smoothed profile. For com- 
parison with the Towy results, the levels and gradients of the 
Pysgotwr at its junction with the Towy are recorded, on the 
assumption that the rivers met east of the Ystradffin gorge. The 
level which ‘the Pysgotwr would have, if the rivers met at Towy 
Rocks. is also added. 

It will be seen that all these values give fairly close agreement 
with the profile, the average difference ranging from 7 to 10 inches. 
In general, the agreement is closer for the lower part of the curve 
than for the upper. Although it is difficult to decide which value 
should be adopted in preference to the others, the values of a 
between —1°4 and —1°6 give the smallest average differences, both 
over the whole curve and in the lower part. The level of the 
Pysgotwr at its junction with the Towy ranges from 6915 
(a=—1'8) to 746°3 (a= —1:2) feet. Some of these values can 
be proved to be inadmissible, if the principle be assumed that the 
Pysgotwr (which is a smaller river than the Towy) has a higher 
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gradient at the junction than the main river. Only the values of 
« for the Pysgotwr which make the gradient of that river greater 
than 25 feet per mile (a for the Towy being assumed to be 2 “A) 
need, therefore, be considered, and of these hata in the last column 
(a=—1°8) certainly gives too straight and too steep a curve, all 
the points between 3:3 and 4°3 being above the profile and the last 
at 4°5 considerably below. One of ‘the values of a between —1:4 
and —1-:6 must, therefore, be chosen ; these indicate a level at the 
junction ranging between 730°2 and 712°6. The mean of these is 
721-4, which may be compared with the level (724) determined 
from the 'Towy profile. 

T am inclined to adopt as the most probable value that of 
a=—16. (The smallest average deviation from the curve is 
obtained with a= —1°59). It appears to give too low a level at 
the junction with the Towy; but it must be remembered that. 
hetore meeting that river, the Pysgotwr is joined by the somewhat 
larger Doethie, and the united rivers would undoubtedly have a 
lower gradient than either separately. With a value of a= —1°6, 
the level of the Pysgotwr at the mouth of the Doethie is 780°7, 
and, if the level of ys Towy be assumed to be 725°6, the average 
gradient between that point and the Doethie is 32:4 feet per mile 
as compared with an average gradient of 36-4 if the Pysgotwr 
reached the Towy without being joined by the Doethie. This still 
leaves the gradient of the tributary higher than that of the main 
river. 

The two rivers now join at the foot of the Towy Rocks at the 
point 7°36 measured along the Pysgotwr, or 12°8 on the Towy. 
The gorge of the Towy between Ystradftin and this point is 
of very recent aspect, as compared with the open valley of the 
tributary above the junction; and, as I showed on a previous page, 
the physical features suggest that the Towy was diverted into this 
course during, or at the close of, the Glacial Period, and that it 
formerly flowed along the wide valley south of Ystradffin, which is 
now floored to a considerable but unknown depth by g glacial drift. 
It is clear that the Towy could not have been diverted in this 
direction, unless there previously existed a deep gap through the 
grey mudstone escarpment. The Pysgotwr above the Towy Rocks 
heads directly for this gap, and the northern slope of its valley is 
continuous with that of the gap (see fig. 6, p. 606). Moreover, 
the narrow ridge which extends northwards from the junction of 
the rivers is crossed by a slight col between the 500- and 600-foot 
contours. These features imply that the Pysgotwr formerly entered 
the Towy near Ystradflin, and that, in consequence of the rejuvena- 
tion of the drainage-system, it was diverted southwards nearly along 
the strike of the rocks, leaving a deep col through the escarpment. 
The diversion of the Towy by. way of the col was probably brought 
about by glacial conditions. This suggestion is borne out “by 
consideration of the profiles of the Towy and the Pysgotwr. If 
we assume that the ancient rivers met a the same point as the 
present rivers, there is a great discrepancy hetween the level of the 
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junction as determined from the two profiles. In the calculations 
made above, in which it has been assumed that they join beyond 
the Ystradttin gap at 7°9 miles and 12°3 miles from their respective 
sources the figures obtained for the level at the junction are closely 
accordant. On the other hand, at 12°8 the level of the Towy lies 
between 718 and 684 feet, according to the value of a adopted in 
the formula; and at 7°36 the level ‘of. the Pysgotwr ranges from 
771 to 716. The lower value is, therefore, greater than the 
higher value given by the Towy curve, and, if we calculate 
the levels from the most probable y values of a for these two profiles, 
we find 718 for the Towy and 739 for the Pysgotwr, which 
still leaves a considerable difference. If allowance “be made for 
the flattening of the latter's protile after meeting the Doethie 
the discrepancy is increased. The profiles, therefore, support the 
evidence suggested by the physical features of a diversion of the 
rivers at this locality. 

I was unable to obtain definite proof of two ancient base-levels 
in the main Pysgotwr valley or in the Doethie valley. There is 
a decided steepening of the gradient on the Py sgotwr at 2-4 miles 
from the source and a less pronounced change at 3:9; but these 
do not furnish evidence sufficient to establish the existence of a 
former base-levelled profile. Along the small stream Nant 
Cartrefle, which enters the Pysgotwr at Bryn Ambor (3°9), the 
Ordnance Surveyors ran a line of levels which allows the profile 
of that valley to be constructed. For the lower third of a mile 
of its course the stream is at evade with the present valley-floor ; 
but, above that point, the valley flattens, becoming steeper again 
towards the source of the stream. There is here some evidence of 
a base-level about 70 feet higher than the present valley, which 
itself belongs to the Fanog base-level. 

The profile of the Pysgotwr-fach which joins the Pysgotwr-fawr 
just below the point of rejuvenation is, however, difficult to 
account for, unless we assume the existence of a former base- 
level older than that represented by the mature valley of the 
latter. The point of later rejuvenation extends fer about the 
same distance up this valley as along the Pysgotwr-fawr, and 
the ravine has been developed in the floor of a wider valley com- 
parable with that of the adjoining stream. This portion is, 
however, very short, and is separated from the larger and higher 
portion of the valley by another ravine. Above this ravine the 

valley opens out; its longitudinal and transverse profiles are those 
of a thoroughly mature. valley. It appears to grade, however, 
with a level 70 to 90 feet above the base-levelled floor of the 
Pysgotwr-fawr. The higher base-level indicated by these tribu- 
taries agrees with the Nant Stalwyn base-level of the Towy, and 
appears “to suggest that only the part of the Pysgotwr-fawr above 
2°4 belongs to it. 


The Cothi—I was unable to find an opportunity for 
levelling the Upper Cothi valley, and only a few heights on the 
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valley-floor were determined with the help of a theodolite. These 
do not give a sufficient number of points to enable a reliable curve 
to be constructed. The profile is concave, but relatively flat, and 
from near the origin to 2-2 the gradient diminishes very slowly 
downstream. If the gradient remained the same below 900 (2:2 
as it is between that point and the 1000-foot contour-line, the 
level at the junction with the Towy would be 587 feet. As no 
allowance is made for a flattening of the profile downwards, this is 
obviously 2 minimum figure. Some idea of the degree of flattening 
can be obtained from the position of the rock-floor of the beheaded 
valley in the col at Bwlehyrhiw. This floor is about 30 feet 
above the straight profile, and at the mouth of. the valley would 
be at least 90 feet above, assuming that the flattening is pro- 
portional to the distance. In reality, it would be higher, since 
the diminution of gradient downstream is progressive. The level 
at the junction may then be estimated to have been at least 677, 
and was probably somewhat higher. Since the level of the Towy 
at that point has been calculated to be 680, it is obvious that 
there is close correspondence between the estimated levels of the 
two ancient valleys at their junction. The results, though adimit- 
tedly crude, are consistent with those obtained from the adjoining 
valleys, and with the physiographical evidence that the Upper 
Cothi originally drained into the Towy above Rhandirmwyn. 

There is no evidence in the Cothi valley of the Nant Stalwyn 
base-level, and the whole of the ancient valley appears to have 
been fashioned in relation to the Fanog base-level. 


The physical features of the Towy valley and its tributaries 
thus reveal the former history of the drainage-system in some 
detail. The uppermost portions of most of the valleys still 
retain considerable traces of the form which they attained during 
the late stages of the Nant Stalwyn period of base-levelling. This 
period appears to have been a prolonged one, and the valleys 
reached a late-mature stage of development. It was followed by : 
lowering of the base-level due to general uplift of the region, 
whether or no accompanied by tilting cannot at present be 
determined. Most of the mature valleys were destroyed during 
the Fanog period of base-levelling to within a few miles of their 
source. Towards the close of this period the lower portions of the 
valleys again attained a mature form. Then followed a second 
uplift, with consequent lowering of the base-level. A second 
excavation of the lower parts of the valleys gave rise to their 
present forms, except in so far as they have been modified by some 
glacial erosion and deposition. Erosion has already proceeded _ so 
far, that, for about 40 miles above its mouth, the Towy valley has 
attained for the third time a mature stage which is related to the 
existing Llandovery base-level. The points on the Towy and its 
tributaries where the last remnants of the Nant Stalwyn base- 
level can be recognized lie on an almost straight line drawn from 
above Nant Stalwyn to near Bonborta on the Pysgotwr. This line, 


Vig, 6.— Map of the district near ¥Ystradfin, to show the 
relations of the Towy and Doethie Valleys. 
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if prolonged, would pass beyond the head of the Cothi valley and 
thus confirms the conclusion previously drawn that the old valley 
belongs to the Fanog period of base-levelling. It is not improbable, 
however, that the surface of the plateau near the heads of the valleys 
is mainly the result of erosion during the oldest or Nant Stalwvn 
period of base-levelling, and that it has not been seriously modified 
by subsequent erosion. It may, therefore, be of high antiquity. 
No dates can be assigned from any evidence in the upper part of 
the Towy drainage-system to the periods of base-levelling and of 
uplift; but it is hoped that some clue to their age will be obtained 
when the lower part of the Towy basin has been examined. 


The method described above of reconstructing an ancient 
drainage-system appears to lead to results of considerable interest, 
and there is little doubt that a higher order of accuracy could be 
attained if, in addition to the more important valleys, the sinaller 
tributary valleys had been similarly levelled. i 

It is a matter of regret that the Ordnance Survey has not 
carried out a series of levels along the main valleys of the country. 
If such levels were available, a vast amount of information would 
be readily accessible regarding the physical history not only of 
this region, but of other parts of the British Isles. 


HXPLANATION OF PLATES XLIII-XLV. 
Puatre XLIIL 


Contoured map of the Towy Basin above Rhandirmwyn, on the scale of 
1 inch to the mile, or 1 : 63.360. 


Ppate XLIV. 
Profiles of the Towy Valley and its principal tributaries above Rhandirmwyn. 
Scales : horizontal=1 inch to the mile, or 1: 63,360; vertical: 1 inch= 
100 feet. 
Puats XLV. 
Profiles of the Towy, Pysgotwr, Camddwr, and Cothi. Scales: horizontal= 
5 miles to the inch, or 1: 316,800 ; vertical: 1 inch=250 feet. 


Discussion. 


Dr. A. Moruxy Daviss expressed his great interest in the 
paper. The two uplifts of which evidence had been adduced were 
on a much larger scale than the post-Glacial uplifts recognized in 
the Thames Valley, and must evidently date back to at least 
Pliocene time. This raised the question as to possible diversions 
of the river-system, and he enquired as to the probability of the 
Towy having originally flowed through the Llandeilo wind-gap. 

Mr. G. W. LamprvuGH remarked that several valleys in the 
Isle of Man showed features similar to those described. He 
suggested that the position of the midway gorge was usually in 
part determined by the space required as a gathering-ground before 
the stream gained sufficient volume to become effective under 
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present conditions of diminished precipitation. In drift-cumbered 
upper basins the feeble headwaters were frequently incapable of 
shifting residual boulders, which accumulated and protected their 
beds. ‘The Author’s method of research was likely to yield great 
results, but the factors involved were numerous. 

Dr. J. A. DovGnas congratulated the Author on his paper, and 
said that it was not merely of interest to those who possessed an 
intimate local knowledge of the district, but involved principles 
that were of world-wide application. The Author's description of 
the rock-steps of the Towy valley reminded the speaker of certain 
high-level valleys in the Peruvian Cordilleras, which exhibited a 
similar series of rock- steps. He had formerly been led to consider 
these as phenomena due to glacial erosion; but this paper had 
suggested a new line of reasoning, and he now felt tempted to 
regard them as marks of successive uplifts passing one after the 
other up the valleys in question. Eventually, it might be found 
possible to correlate these with the raised beaches ‘of the coast. 
These rock-steps or sudden changes of grade would work their way 
backwards from mouth to source up main and tributary valleys 
alike. The greater erosive power of the main stream, however, 
would tend to obliterate them more rapidly than in the tributary 
valleys, and it was, therefore, in the latter that their more complete 
record would be preserved. 

Mr. 8, W. Woorpripce thought that the paper would re- 
awaken interest in river-problems in this country. The work of 
the late Joseph Bassett had shown that important results might 
be expected from a close serutiny of physiographic profiles. 
Nevertheless, British workers had been slow in following the lead 
given to them by Prof. W. M. Davis in his well-known publi- 
cations, now thirty years old. Prof. Davis had maintained that 
the British area yielded evidence of two distinct cycles of denu- 
dation, the first culminating in peneplanation. The present 
Author’s conclusions seemed compatible with this suggestion, 
although they could scarcely be said to bear directly on the question. 

It was a significant fact that a change of base-level, amounting 
to about 400 feet, hac affected not only Central Wales, but regions 
so widely separated as Cornwall, Aberdeenshire, and the London 
area. Hence it seemed likely that rejuvenation was caused by 
eustatic movements of sea-level, rather than by crust-warping. 

The existence in the area studied of hanging tributaries, the 
formation of which antedated the period of glaciation, afforded an 
interesting confirmation of Prof. J. W. Gregory’s contention that 
certain hanging valleys in Arran and elsewhere were not caused by 
glacial over-deepening. It was becoming increasingly clear that 
the importance of the glacial factor in the formation of such valleys 
had been overestimated in the past. 

The Avrvor replied that the amounts of the uplift responsible 
for the rejuvenation of the district were stated in the paper to be 
about 400 feet and 580 feet respectively. It was not possible, 
from the evidence in the region studied, to assign any date to the 
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periods of the uplift. It was tempting to correlate the later 
uplift of 400 feet with that recognized in Devon and Cornwall; 
but, owing to the difference in the length of the valleys affected 
by rejuvenation in the two regions, it was premature to assign 
them to the same period of uplift. With regard to the course of 
the Towy in the lower part of the valley it was possible, as 
Dr. Davies suggested, that the river formerly went through the 
wind-gap at Llandeilo; but the distance to Carmarthen Bay by 
either course would be about the same, and would not sensibly 
affect the change of base-level indicated by the profiles of the 
upper part of the valley. There are, below Llandeilo, other wind- 
gaps which are as yet unexplained: they stand opposite to several 
streams, which drain into the Towy valley from the north, and 
appear to indicate that at one period the drainage of the region 
was mainly from north-west to south-east across the trend of the 
present Towy valley. These features require further investigation. 

It was not surprising to learn from Mr. Lamplugh that the 
features observed by him in the Isle of Man were very similar to 
those of Central Wales. as (in all probability) the physiographical 
history of the two regions was somewhat similar. With regard to 
a large volume being necessary before a stream can start cutting 
into its channel, this did not seem to be borne out in the district, 
since quite small streams have cut ravines and glens which are more 
or less proportional to their size. The probability of the ancient 
valleys having been eroded under climatic conditions different from 
the present was discussed in the paper, and the conclusion reached 
that, while the rainfall may have been smaller, the load of the 
streams probably consisted of materials of finer grain: and, the 
effects of these two factors being in opposite directions, it was 
assumed provisionally that they cancel one another. 

The evidence that the tributary valleys were, in the main, of 
pre-Glacial age seemed to be unquestionable; and, although the main 
valley has been glaciated, the glacial stri point in places across 
the valley, so that probably but little erosion was brought about 
by glaciation. In general, if a series of rejuvenations followed one 
another up the main valley, one might expect to find corresponding 
rock-steps in the tributary valleys ; and, if the tributary streams 
are small in proportion to the main stream, the rock-steps might 
persist after those in the main valley had been obliterated. 

The possibility that regional tilting of the area had occurred was 
diseussed in the paper, but evidence for this must be sought in a 
lower part of the valley. If it were found that an uplift of about 
400 feet could be established in widely different parts of the 
country, this seemed to point to eustatic movements. If the 
movement were of this kind, the reconstruction of this and other 
drainage-systems by the method suggested could be carried out 
with more confidence. 
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Cardiff district (Glamorgan), Old Red 
Sandstone of, 489-519 figs. 

Carn Chois diorite (Perthshire), 25— 
27; C. C. outer aureole, comparison 
of progression in, w. that in con- 
tact-aureoles of other regions, 30— 
31; metamorphism of igneous 
rocks in C. C. aureole, 65-66. 

CarruTHERs, R. G., 188, 

Cassington (Oxon.), gravels of, 147, 


27 
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Catozone striatula, sp. nov., 426-27 
& pl. xxxiv. 

Cephataspis (O. R. 
trict), 492. 

Chadlington (Oxon.), 
128-29 fig. 

Chert in O.R.S. of Cardiff district, 


S. of Cardiff dis- 


gravels, &e. of, 


499, 501; in Lr. Carb. of Settle 
district, 264. 
Cherwell R., thalwee of, 119 fig., 


120. 

Chiastolite in Aluminous Series. of 
Dartmoor, 320, 325, 336, 337. 

Chlorite in O.R.S. of Cardiff dis- 
trict, 502, 503-504. 

Cladowylon, xviii. 

Clathrospira trochiformis, 415-16 & 
ide xeo.att; 

CGleddau Valley (Pembrokeshire), 
sect. fig. & deser., 524-30. 

Clent Breecia, relation of, to Hopwas 
Breccia, 353-55, 369 et seqq.; un- 
conformity at base of, 355-60 w. 
vert. sect.; Clent Beds, age of, 
365; sects. illustrating overstep of 
Clent Breccia in Clent—Lickey area, 
Desi 

Clepsydropsis, lxvii. 

Clevedon- Portishead area (Somerset), 
geol. structure of, 447-67 figs, & 
pl. xxxix (geol. maps). 

Cliff Coppice (Knowlesands), 
deser., 294. 

Clisospira balelatchiensis, 
439-40 & pl. xxxiil. 

reticulata, sp. nov., 440 & pl. 
XXX1il. 

Coal assoc. w. Carb. Limest., 213-14. 

Coalisland-Templepatrick Fault, map 
showg. relat. of Lough Neagh Beds 
to, 480. 

CoBBoLp, EH. S., the Cambrian Fossils 
from the Breccia-Material in the 
Cores of the Boring at Nechells 
Gas- Works (Birmingham), 365— 
69. 

Coed-y-Coedeae Fish-Band (O. R.8.), 
490-93 w. map. 

Coun, G. A. J., obituary of J. Wright, 
lx-lxi. 

Coleoloides, 368. 

Comrie area (Perthshire), ees 
metamorphism in, 20-71 w. map 
& pl. iv (microscope-sects.). 

Cone-in-cone exhibited, c. 

Contact-metamorphism in the Comrie 
area, 20-71 w. map & pl. iv (micro- 
scope-sects.). 

Cooxson, A. C., 526. 

Coombe (Oxon.), Plateau Drift at, 
122 fig. 


sect, 


sp. nov., 


INDEX, [vol. lxxx, 

Cordierite development, zone of, in 
Aberfoyle Slate-band, 29. 

Cordierite-quartz-hornfelses, 36-38 
w. chem, anal.; cordierite-hyper- 
sthene-quartz-hornfelses, 38-39 w 
chem. anal. 

Corley Beds, 364, 365, 

Cornstones in O. R.8. of Cardiff dis- 
trict, 504-506 w. chem. anals, 

Corundum - cordierite-hornfelses  & 
corundum - cordierite - spinel - horn- 
felses, 42-47 w. chem. anals. 

Coryphodon (2) at Leval, 15. 

Cothi R. (Upper Towy drainage- 
system), 583-84, 604-605. 

Council, annual report of, 
(& Officers), election of, xxi. 

Cox, A. H., 183, 487, 515, 517-15; 
(& H, H. Thomas), the Volcanic 
Series of Trefgarn, Roch, & Amble- 
ston (Pembrokeshire), 520-47 fig’, 
and pl, xl (map). 

Craig More, see Aberfoyle. 

Craven Faults, Lr. Carb. succession 
along line of, 184-278 figs, & pls. x— 
XO 

Cretaceous floras, xcili—xev, 

Cuckoo Oak (Madeley), glacial de- 
posits at, 283-84, 282 fig. 

Culm Measures of N. border of Dart- 
moor, 318 et seqq., 324-29, 

Currin, (Miss) E. D., 409. 

Cyathophyllim-murchisont Sub-zone 
N. of Craven Faults, 198-99. 

Cyrtina-carbonaria Sub-zone N. of 
Craven Faults, 194-95, 

-septosa Band W. of the Ribble. 

212, 215 et seqq. 


vi-ix ; 


Dacite, see Olivine-dacite, 

Damery Quarry (Glos.), 106 et seqq.; 
junction of basalt & ineluded block 
of sandstone at, 108 & pl. viii. 

Daniel’s Wood (Glos.), 108 et seqq. 

DANTEL-PIDGEON Fund, list of 


awards, xxix; award to K. S. 
Sandford, xcix. 
Dartmoor, geology of N. border of, 


315-37 w. map & pl. xxiv (micro- 
scope-sects.). 

Daviss, A. M., 17, 517, 607. 

Davies, R. (& A. Heard), the Old 
Red Sandstone of the Cardiff Dis- 
trict, 489-515 figs. 

DAwKINs, Sir WiLuiAm B., obituary 
of Sir H. H. Howorth, lviii—lix. 

Desiccation-breccia in Islay, 98, 

Devonian (Upper) floras, lxi-Ixx; base 
of Devonian in 8. Wales, &¢., 513— 
14; connexion of 8, Wales 0. R.8. 
we Devonian of Devon, 514-15, 


Ee ee 
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Dewalquew (in Lough Neagh Series), 
477. 

Dial Hill (Somerset), sect. through, 
458 ; tectonics of, 461-63. ' 
Mibunophyllam aspidiophylloides, sp. 

nov., 260 & pl. xvi. 

-—— bourtonense, nom. noy., 259-60 
& pl. xvi. 

bristolense, nom. nov., 259-60 

& pl. xvi. 

sp. aff. matlockense, 260-61 & 
pl. xvii. 

—— rhodophylloides, sp. nov., 261 
& pl. xvii. 

sp. cf. Histiophylluin dicki, 260 
& pl. xvi. 

—— vaughani, see D. bourtonense. 

Dibnophyllinn Zone N. of Craven 
Faults, 196-208. 

Diorite of Carn Chois, 25-27. 

Dioritic gneisses of S. Guernsey, 381— 
83 fig. 

Divette Gneiss (Guernsey), 382. 

Drxon, H. EH. L., 215, 311, 312, 372, 
516-17; (& L. J. Wills), on the 
Late-Glacial Gravels of the Upper 
Worfe & the Tong Brook, 308-10. 

Doethie Fawr R. (Upper ‘Towy 
drainage-system), 581-82. 

Douuo, L. (& P. Teilhard de Chardin), 
les Gisements de Mammiféres Paléo- 
cénes de la Belgique, 12-16. 

Dolomite in Lr. Carb. of Settle dis- 
trict, 264-65. 

Dolomitic Group in Bowmore-Port- 
askaig district, 79-80 ; sequence in 
do., 91-93. 

Donaldiella perneri, sp. noy., 426 & 
pl. xxxiv. 

Donors to Library, lists of, xi—xvi; 
to Voluntary Publication Fund, 
list of, xvii. 

Dovetas, J. A., 405-406, 466, 608 ; 
re-elected Secretary, xxi. 

Drewsteignton (Dartmoor) limestone, 
&e., 322. 

Drybrookia cubitalis, gen. et sp. nov., 
17-21 & pl. iu. 

Duke’s Brickyard, see Coombe. 

Duke’s Pit (Long Handborough), 
gravels of, 124-25. 

DwerryHoust, A. R., 485. 


Eardington Sands & Gravyels (Salop), 
294-95. 

Earth-movements in neighbourhood 
of Craven Faults, 255 et seqq. w- 
map. 

Hast Clevedon gap, see Clevedon. 

Easrrwoop, T., 371-72. 
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Hastwood (Somerset), Carb. Limest., 
&c,. of, 453-54 w. map & sect. 

Kecyliomphalus balclatchiensis, 
nov., 434 & pl. xxxvili. 

——— (?) macromphalus, 485-386 & 
pl. xxxviii. 

mallockensis, 

pl. xxxvii. 

scotica, 434-35 & pl. xxxviii. 

Hlection of Auditors, iv; of Council 
& Officers, xxi; of Fellows, ii, iv, 
V, XCVili, XCixX, ¢, Ci, Cili, 

Hllesmere Land (Arctic), Paleozoic 
floras of, lxv, lxvi. 

Enyille Beds, equivalents of, 363, 
364, 

Kotomaria convera, sp. noy., 414 & 
pl. xxxii. 

-——— subplana, sp. 


sp. 


435 & 


sp. nov., 


nov., 415 & pl. 


Rooab 

—— thraivensis, sp. nov., 414-15 & 
pl. xxxii. 

Epidote-hornfelses, 4:0, 

Erquelinnes (Belgium), Paleocene 


mammalia of, 12-13. 

Hskdale (Dumfries-shire), Tristychius 
arcuatus from, 338-42 fig. 

Estimates for 1924, xxx—xxxi. 

Esrriper, (Miss) E., presents 
MeCulloch drawings, &c., xeix. 

Huomphalopterus ordovicus, sp. nov., 
438-39 & pl. xxxvi. 

Evans, J. W., 20, 183, 336, 405, 466- 
67, 548, 567; elected President, 
xxi; exhibits Morte Slate fossils, ec. 

Hyenlode R., thalweg of, 119 fig., 120. 

Eynsham (Oxon.), gravels, &c. of, 
139 fig., 140-41, 


Fairacres, see ttiey Road. 

Fairweather Springs (Yorks.), sect. 
deser., 204. 

Fanog, see Towy. 

FarquHarson, D. J., the Geology of 
Southern Guernsey, 374-88 figs. & 
pl. xxvi (map). 

Farrer, J. A., 190. 

Fayalite of the Rauthaskritha, 559-60 
& pl. xlii, 561 et seqg. 

FRARNSIDES, W. G., 389, 405. 

Fellows elected, ii, iv, v, Xevill, xcix, 
¢, ci, cili; names read out, i, cili; 
number of, xviii-xx. 

Felspars in O. B.S, of Cardiff district, 
499, 501. 

Frermor, L. L., 70-71. 

Financial report, xxx—xxxvii. 

Fingle Glen (Devon), Culm & granite 
of, 320, 321. 

Fuser, J. 8., 69, 334, 335, 
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Flood-plain gravels of Oxford district, 
148-53 figs., 156 ef seqq. 

Fluorspar in O.R.S. of Cardiff dis- 
trict, 501, 

Fluvioglacial, use of term, 289. 

Ford, see Cleddau Valley; Ford Beds, 
528-29. 

Fore Hill (Somerset), O. R.S., &c. of, 
449-51 w. map & sects. 

Foreign Members, list of, xxii; For. 
Correspondents, list of, xxiii. 

Fort Bay Gneiss (Guernsey), 381-82; 
sill-lke intrusion of diorite at, 386 
fig. 

Free-silica hornfelses in Comrie area, 
32-41. 


Gangamopteris Flora, Ixxxv el seqq. 

Garnet in O.R.S. of Cardiff district, 
501, 502, 503, 507-509. 

GaRwoop, H. J., 389; (& Miss H. 
Goodyear), the Lower Carboni- 
ferous Succession in the Settle 
District & along the Line of the 
Craven Faults, 184-271 figs. & 
pls, x—xxi, 273. 

Gastropod Beds (Productus corrugato- 
hemisphericus Zone), 194. 

GEIKIE, Sir ARCHIBALD, re-elected 
Foreign Secretary, xxi. 

Gipson, WALcoT, Murchison Medal 
awarded to, xl-xli. 

Ginkgo or Ginkgoites, xevi. 

Girvan (Ayrshire), Ordovician & Lr, 
Silurian gasteropoda from, 408— 
46 & pls. xxxi-xxxviii. 

Girvanella Nodular Band N. of Craven 
Faults, 200 et seqq. & pl. xix. 

Girvania eacavata, subgen. et sp. nov., 
430 & pl. xxxv. 

Glacial deposits in neighbourhood of 
Tron-Bridge & Bridgnorth, 277-98 
figs., 308-10; glacial lakes ibid., 
308 et seqg.; in Upper Towy dis- 
trict, 574-75. 

Glossopteris Flora, lxxxvy et seqq., cil. 

Gneisses of S. Guernsey, 379-83 fig. 

GooDYBAR, (Miss) H., 389; (& E. J. 
Garwood), the Lower Carboniferous 
Succession in the Settle District 
& along the Line of the Craven 
Faults, 184-271 figs. & pls. x-xxi, 
278. 

Granites, &c. of N. border of Dart- 
moor, 318-19 ef seqq. 

Granitic gneisses of 8. Guernsey, 
379-80, 

Grayels, see River-gravels, 

Guay, (Mrs.) R., 409. 
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GREEN, J. F. N., 547-48; the Strue- 
ture of the Bowmore—Portaskaig 
District of Islay, 72-100 figs. & 
pls. v—-vi, 104-105. 

Greenhow Hill district (Yorks.), orig. 
of knoll-strueture exemplified in, 
248-53. 

GREENLY, H., 183; (& 8. H. Rey- 
nolds), the Geological Structure of 
the Clevedon— Portishead Area 
(Somerset), 447-66 figs. & pl. xxxix 
(geol. maps), 467. 

GREGORY, J. W., 409. 

GRESLEY, W.S., obituary of, li. 

Grove Gravel-pit (Bridgnorth), sect. 
deser., 295. 

Guernsey (S.), geology of, 374-88 figs, 
& pl. xxvi (map). 

Guppy, (Miss) EH. M., 564. 

Gwenttrwd, see Cothi. 


Hatuowss, K. A. K., 486. 

Hamarfjord. see Iceland. 

Hamstead — Warley — Quinton 
breccias of, 360-62 w. sect. 

Hamstead Beds, 348-49, 364 ct seqq. 

‘Handborough Terrace’ (Oxon.), 123, 
124-28 fig., 154. 

Hanging valleys in Upper Towy dis- 
trict, 597-607 figs. , 

Hardraw Scar Limestone (=Orion- 
astrea Band), 205. ‘ 

HARKER, A., 69, 70. 

Harmer, F. W., obituary of, lili. 
Harrow Hill Mine (Forest of Dean), 
Drybrookia from, 17-21 & pl. iii. 
Haseley (Oxon.), gravels, &c. of, 129.. 

Hastimima (Murypterid), lxiv. 

Haren, F. H., obituary of J. Ballot, 
xlviii. 

Havugeuton, 8. H., on Reptilian Re- 
mains from the Karroo Beds of 
Hast Africa, 1-11 figs. & pls. i-ii. 

Hawkes, L., 112; on an Olivine- 
Dacite in the Tertiary Voleanic 
Series of Hastern Iceland: the 
Rauthaskritha (Hamarfjord), 549— 
66 figs. & pls. xli-xlii, 567. 

Hawkins, H. L., iii, 177, 487. 

Haypen, Sir Hunry H., obituary of, 
liti-ly. 

Hearn, A. (& R. Davies), the Old 
Red Sandstone of the Cardiff Dis- 
trict, 489-515 figs., 518-19. 


area, 


_Helcionella (2), 869. 


Herpsman, W. H., 55, 560. 

HerRiks, R.5., re-elected Treasurer, 
xxl; obituary of Sir W. H. Herries, 
ly-lvii. 
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Herries, Sir WiLLtAM H., obituary 
of, ly—lvii. 

Hicklingia edwardi, sii. 

High Hilis district (Yorks.), Lr. Carb, 
of, 236-44, 

Hill Lane, see Madeley. 

Hill-Road Crag (Clevedon) disturb- 
ance, 463-65 w. sect. 

ERS Anse uit 

Hoards-Park Gravel (Salop), 293-94. 


Hounianp, Sir THomas H., 567; 
obituary of Sir H. H. Hayden, 
liti-ly. 


Hoouery, R.W., obituary of, lyii. 

Hopxins, H., 571. 

Hopwas Breccia, 351 relation of, 
to Clent Breccia, 353-55, 369 et seqq. 

Hormotoma nigra, sp. nov., 425 & 
pl. xxxy. 

—— (?) mtida, sp. nov., 425-26 & 
pl, xxxiv. 

Hornfelses in the Comrie area, 31 ef 
seqy. Ww. chem, anals. 
Horsehay Brook, glacial deposits of 
valley, 283; map of valley, 281. 
HowortyH, Sir Henry H., obituary 
of, lviti-lix. 

Hupsoy, R.G.S., 203. 

Hyolithus (Orthotheca) compressus, 
367, 

micais, 368, 

—— illsi, 367. 

spp., 367-68. 


~o 
voy 


Iceland (E.), olivine-dacite in Tertiary 
vole. series of, 549-67 figs. & pls. 
xli-xlii. 

Iffey Road (Oxford), gravels, &c. of, 
145-46, 

Ilmenite in O. B.S. of Cardiff district, 
501, 504. 

Implements from basement-gravels of 
the Wolvercote Channel, 168-70. 
Interbasaltic Zone of weathering in 

N. Ireland, 471 et seqq. 

Tron-Bridge & Bridgnorth, develop- 
ment of Severn Valley in neigh- 
bourhood of, 274-314 figs. & pls. 
Xxil-xxili (map & sects.). 

Islay, structure of Bowmore-Port- 
askaig district, 72-105 figs, & pls. 
yv-vi; Islay Quartzite, 80. 


Jerbourg Schists (pre - Cambrian), 
375, 378. 

Jounson, W., 178. 

Jonzs, O. T., 272-73, 387, 467, 547 ; 
the Upper Towy Drainage-System, 
568-607 figs. & pls. xliti-xlv, 608— 
609. 


INDEX. 
JONES, W. J., 505. 
Jurassic floras, xei-xciii. 


Kadaliosaurus contrasted w. Tanga 
saurus, 9. 

Kaolin in Lough Neagh Series, 481 
482, 485, 487. 

Karroo Beds of E. Africa, Tanga- 
saurus from, 1-11 figs. & pls. ii. 

KENDALL, P. F., 215. 

Kunnarp, A. S., 178; (& B. B. 
Woodward), on the Pleistocene 
Non-Marine Mollusca {from the 
Oxford gravels |, 170-75 & pl. ix. 

Keratophyres of Sealyham Group, 
523, 535-39 ; of N. border of Dart- 
moor, 326 & pl. xxiy. 

Keuper Beds at Nechells, 345, 347. 

Kiesue, J., 166, 

Kine, W. W., 358, 362, 369-70; 
Lyell Medal awarded to, xli—xlii. 
Kirtlington (Oxon.), gravels of, 125— 

27; solution-pits exposed at, 126 fig. 

Krrcuin, F. L., 389, 409. 

Knoll-reef limestones in the Settle 
district, 228 et seqqy., 253 éf seqq. ; 
list of fossils from, 289-42 ; orig. 
of knoll-reef structure exemplified 
in Greenhow Hill district, 248-53. 

Knowlesands Gravel (Salop), 291-93 
fig. 

LampiuaH, G. W., 2738, 607-608; 
exhibits specims. fr. N.S.W. (Aus- 
tralia), cili. 

Landenian (Upper) mammalia of Bel- 
gium, 12-16. 

Lana, W. D., 20-21, 189, 389, 406. 

Lay’s Pit (Long Handborongh), gra- 
vels, &c. of, 125. 

Le Lacuzur, W. J., obituary of, lix. 

Leafield Road, see Chadlington. 

Lun, G. W., 409, 

Ltps, —, 164. 

Lesuewirilla balelatchiensis, sp. no0v., 
438 & pl. xxxvi. 

seotica, sp. nov., 437 & pl, xxxvi. 

Leval (Belgium), Paleocene maim- 
matlia of, 15-16, 

Lewis, C. C., 389. 

Lewis, H. P., Upper Viséan Corals 
of the Genus Caninia, 389-405 & 
pls. xxvii-xxx, 406-407. 

Library, annual report of Committee, 
ix-x; lists of donors to, xi-=xvi. 
Lignite in Lough Neagh Series, 472 

et seqq. 

Lincoln Hill, see Iron-Bridge. 

Lingula Flags in Cleddau Valley, &c., 
524-25, 530, 531. 
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Tnospira equalis, 412-13 & pl. xxxii, 

- disciformis, sp. nov., 410-11 & 
pl. xxxi. 

—— lenticularis, 413-14 & pl. xxxii. 

striatula, 441-12 & pls. xxxi 
XXXIl. 

Lithomarge in connexion w. Lough 
Neagh Clays, 481 et seqg. 

Inthostrotion arachnoideum, 262 & 
pl. xviii. 

Littleharp Bay (Somerset), Carb. 
Limest. of, 460-61. 

Loch-Skerrols thrust, 87-91, 102 ef 
seqq. 

Long Handborough, see 
borough. 

Lonastarr,(Mrs.) J., Descriptions of 
Gasteropoda, chiefly in Mrs. Robert 
Gray's Collection, from the Ordo- 
vician & Lower Silurian of Girvan, 
408-46 & pls. xxxi-xxxviii. 

Lonsdalia-floriformis Sub-zone N. of 
Crayen Faults, 200 et seqg.; W. of 
Ribble, &c., 218 et seyq. 

Lophophyllum — | Konineckophyllum | 
magnificwm, 262 & pl. xvii. 

Lophospira cancellatula, 419-20 & 
pl. xxxili; var. fenistriata nov., 
420 & pl. xxxiil. 

obliquestriata, sp. nov., 417 & 

pl. xxviii. : 

pteronoides, sp. noy., 418-19 & 

pl. xxxiii. 

shallockensis, sp. noy., 417-18 

& pl. xxxiv. 

thraivensis, sp. noy., 420-21 & 

pl. xxxiii. 


Hand- 


—— woodlandi, sp. nov., 418 & pl. - 


xxxili. 

Lossit, Loch (Islay) map & seet. of 
country EH. of, 96. 

Lough Neagh Clays, age & origin of, 
468-88 figs. 

Lowe, H. J., 336. 

Lyell medallists, list of, xxvi; L. 
Award, list of recipients, xxvii; 
L. Medal awarded to W. W. King, 
xli-xlii; L. Awards to J. W. Tut- 
cher & H. H. Thomas, xliv—xly. 


McCuuuocn, J., drawings, &e. by, 
presented, xcix. 

Maclurea saltert, sp. nov., 432-33 & 
pl. xxxvii. 

sedgwickt, nom. noy., 431-82 & 
pl. xxxvii. 

Mad Brook, see Ivon-Bridge. 

Madeley, glacial deposits near, 279, 
283, 
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Magdalen College Grove (Oxford), 
eravels, &c. of, 142-43 fig. 

Magnetite in O, R.S. of Cardiff dis- 
trict, 501. 

Main Limestone (Lr. Carb.), 207-208, 

Malham (Yorks.), Lr. Carb. sue- 
cession betw. Settle and, 220-24 ; 

- do. betw. Bordley and, 224-27; 
do. in Malham district, 233-35. 

Mammalia, Paleocene, of Belgium, 
12-16. 

Map, geological, of the Comrie area, 
26; do. of parts of Islay, 76, 96 & 
pl. vi; topogr., of Oxford district, 
114; map of limestone domes W. 
of Pateley Bridge, 250; map 
illustr. char. of movemts. in 
neighbourhood of Craven Faults, 
256; geol. map of Settle district, 
pl. xx; do. of district betw. Craven 
Faults, pl. xxi; sketch-map of 
valley of Horsehay Brook, 281; 
skeleton-map of Iron-Bridge Gorge 
& Worfe Vale, 302; geol. map of 
Glacial drifts of the same area, 
pl. xxii; geol. sketch-map of the 
northern border of Dartmoor, 316— 
17; geol., of S. Guernsey, pl. xxvi; 
do. of coast S. of St. Peter Port, 
376; geol., of neighbourhood of 
Fore Hill & Weston Big Wood, 
450; of neighbourhood of Portis- 
head Pier Station, 453; of Cleve- 
don, of Cleyedon-Portishead area, 
& of Portishead Promontory, pl. 
XXx1x ; map showg. relat. of Lough 
Neagh Beds to Coalisland-Temple- 
patrick Fault, &c., 480; map of 
Cardiff district, showing outcrops 
of O.R.S., 491; contoured, of 
Towy Basin above Rhandirmwyn, 
pl. xliii; geol., of same area, 571 ; 
map of district nr. Ystradffin, 
606. 

Marr, J. H., 164, 272,409; obituary 
of W. J. Le Lacheur, lix; (& R. 
H. Rastall), obituary of T. G. 
Bonney, xlviii-li. 

MEnnet, F, P., 1, 11. 

Mesosaurus contrasted w. 
saurus, 8-9. 

Metamorphic Series in 8. Guernsey, 
375-84 figs. 

Mica in O.R.S. of Cardiff district, 
499. 

Michelinia Zone N. of Craven Faults, 
190-93; W. of the Ribble, 209— 
12. 

Micromitra aff. labradorica, 365, 366, 

phillipst, 366. 


Tanga- 
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Millstone Gait of Yorkshire con- 
trasted w. O. R.S. of Cardiff area, 
511-12, 

Moir, J. R., 164, 

Monckton, H. W., 
Anditor, iv. 

Morte Slate fossils exhibited, ec. 

Morville Gravels (Salop), 289-90, 

Moulin Huet (Guernsey), strikes of 
gneiss-foliation, 375, 377 fig. 

Murr-Woop, (Miss) —, 188. 

Mull of Oa Phyllites, 77. 

Munro, (Miss) M., 189. 

MuRcuHIson medallists & recipients 
of M. Award, lists of, xxv; M. 
Medal awarded to W. Gibson, xl-— 
xli;’ M. Award to L, F. Spath, 
xliti—xliv. 


486: elected 


Names of Fellows read ont, i, citi, 
Nant Stalwyn base-level, 586 et seqq. 
Nant-y-Coy Beds, 527-28. 

Natton Hill (Dartmoor), porcellanites, 
&e. of, 320, 327, 328 & pl. xxiv. 

Neagh, see Lough Neagh, 

NEAVERSON, H., 389. 

Nechells (Birmingham), breccia-bed 
underlying, 343-73 figs. & pl. xv 
(sects.). 

Nemagrapius-gracilis Zone in Cle- 
ddau Valley, 529. 

Nematophyllam-minus Sub-zone N. 
of Craven Faults. 195-96 ; W. of 
the Ribble, &c., 212, 215 et seqq. 

Newton, R. B., [on mollusea, &e. 
fr. the Lough Neagh Clays], 478, 
485-86. 

Nightingale Valley (Somerset), Carb. 
Limest. of, 448-49, 

Non-sequence, use of term, 517, 519. 

Nordley, see Rhodes Farm. 

Nordmarkite-pebbles in 
Series, 85, 101, 104, 105. 

Norra, F. J., 515. 

Northfield Breccia, 352, 556 et seqq. 

Number of Fellows, &c., xvili-xx. 


Bowmore 


Obolus ef. parvilus, 367, 

Obsidian of Hamarfjord, 550 et seqq. 
fies. 

Officers (& Council), election of, xxi. 

Old Red Sandstone in Clevedon- 
Portishead area, 447 ef seqq.; of 
Cardiff district, 489-519 figs. 

Olivine-dacite in Tertiary vole. series 
of E. Iceland, 549-67 figs, & 
pls. xli-xlii. 

Omort, F., obituary of, lx. 

Omospira (2) depressa, sp. nov., 427— 
28 & pl. xxxiv. 
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Ordovician (& Ly, Silurian) gastero- 
poda fr, Girvan, 408-46 & pls. xxxi-— 
XXXViil. 

Orionastrea Band N. of Craven 
Faults, 205-207; W. of the Ribble, 
&c., 217 ef seqq. 

Orsmael (Belgium), Paleocene mam- 
malia of, 13-15. 

Osman, C. W., the Geology of the 
Northern Border of Dartmoor be- 
tween Whiddon Down & Butterdon 
Down, 315-34 w. map & pl, xxiv 
(microscope-sects.), 336-37. 

Overy, the Rev. C., 164, 

Oxford district, river-gravels of, 113- 
79 fies. & pl, ix. 


Pacey’s 
gravels. 

Pachytheca (O.R.S. of Cardiff dis- 
trict), 492-93. 

Palzohatteria contrasted w. Tanga- 
saurus, 10. 

Palewopitys milleri, \xii, lxvii. 

Paleocene mammalia of Belgium, 12— 
Gs 

Paramys (Sparnacian), 15. 

Pea-Stacks Gneiss (Guernsey), 380— 
Silt 

Peartree Hill (Oxon.) 
131-32. 

Pemmatites (Lx. Carb.), 204, 227 & 
pl. xviii. 

Permo-Carboniferous, use of term, 
Ixxvuii. 

Petit Port Bay (Guernsey), fractured 
ap lite-vein at, 382, 

Phenacodus (Sparnacian), 14, 16, 

Phanerotrema m‘coyi, nom, noy., 423 
& pl. xxxvi. 

rugosa, sp. 
pl. xxxvi. 

PrpGEon, see DANIEL. 

Plant-life, later records of, lxi—xevii. 

Plateau Drift in Oxford district, 121— 
23 fig., 123 et seqq., 153-54. 

Pleinmont Shale & Grit, 384-85. 

Pleistocene vertebrata of Oxford 
district, synopsis of, 166-68 ; Pleis- 
tocene non-marine mollusea ibid., 
170-75 & pl. ix. 

Plesiadapis (Sparnacian), 138, 14. 

Plethospira (?) caledoniensis, sp. nov., 
424-25 & pl. xxxv. 


Bridge, see Flood-plain 


dravel, 123, 


nov., 423-24 & 


‘PLYMEN, G. H., 388. 


Pocock, R. W., e, 311, 313-14. 

Porcellanous Bed (Dibunophyllun 
Zone) N. of Craven Faults, 196— 
98, 264, 


61S GENERA 

Portaskaig- Bowmore district of Islay, 
structure of, 72-105 figs. & pls. v 
vi; Portaskaig Beds, 77-79. 

Portishead-Clevedon area (Somerset), 
geol. structure of, 447-67 figs. & 
pl. xxxix (geol. maps). 

Postbasaltiec Zone of weathering in 
N. Treland, 471 ef seqq. 


Post-Carboniferous floras, ]xxxix— 
xevil. 

Potholes, see Swirl-holes. 

Poutton, EH. B., 136, 

Pre-Cambrian of S. Guernsey, 375 


et seqq., 385-87 figs. ; of Roch, &e., 
523 et seqq. 

Prestwich Medallists, list of, xxviii. 

Prior, G. T., 566. 

Productus - corrugato - hemisphericus 
Zone N. of Craven Faults, 193-96. 

-gigaiteus Sub-zone N, of Craven 
Faults, 200. 

Promourlonia ambigua, subgen. et 
sp. nov., 422-23.& pl. xxxv. 

Protorosaurns contrasted w. Tanga- 
saurus, 9, 

Psygmophyllune williamsoni, yy. 

Pleraspis (O. R.S. of Cardiff district), 
491-92, 

Pterophylls, lxv. 

Publication Fund, see Voluntary. 

Pwll-Strodyr Fault, 543-44. 

Pyrites in O. R.S. of Cardiff district, 
SOL, 504. 

Pyroxene-andesites of Tortworth in- 
lier, 108 ef seqq. & pl. vii (micro- 
scope-sects.). 

Pysgotwr R. (Upper Towy drainage- 
system), 582-83, 601-604, 


Quartz-Conglomerate & Sandstone 
Group in O.R.S. of Cardiff district, 
493-94, 497-501 ; quartz-crystals 
in Carb. Limest. of Settle district, 
265-66 & pl. xix. 

Quartzite, misuse of term, 75; quart- 
zites of Islay, 80-83. 

Quinton - Warley - Hamstead 
breccias of, 360-62 w. sect. 


area. 


RApuiey, H. G., 107, 110. 

‘ Radley-Summertown Terrace’ (Ox- 
ford district), 188-48 figs., 156. 
Rastatt, R. H. (& J. E. Marr), 

obituary of 'T. G, Bonney, xlviii-li.. 
Rauthaskritha, see Iceland. 
Red Marl Group in O.R.S. of Cardiff 
district, 495-96, 502-504. 
Ress, W. J., 389. 


INDEX. [vol. Ixxx, 

REYNOLDS, S. H., 389 ; the Igneous 
Rocks of the Tortworth Inlier, 
106-11 & pls, vii—vili (microscope- 
sects.), 112; (& E. Greenly), the 
Geological Structure of the Cleve- 
don-Portishead Area (Somersct), 
447-66 figs, & pl. xxxix(geol.maps), 

Rhabdostvopha (2) latisinuata, sp. 
noy., 428-29 & pl. xxxv. 

—  primitivg, Sp. Nov, 
pl. xxxiv. 

Rhacopleris Flora, cii. 

Rhetic floras, xci. 

Rhandirmwyn, see Towy. 

Rhiwbina (Glamorgan), O.R.S. at, 
495. 

Rhobell Fawr (Merioneth), sequence 
compared w. that of 'T'refgarn, &e., 
5AG-47, 

Rhodes Farm (Salop), sect. deser.. 
287. 

Rhodophyllim 
261-62, 

Rhydymeirch, see Camddwr. 

Rhynie Chert, iii. 

Rhyolitic Series of Roch, 527-28, 
539-43, 

Rinaston (Pembrokeshire), 
phyres of, 537-38. 

Rrrcwiz, J., 338, 409. 

River-gravels ot the Oxford district, 
113-79 figs. & pl. ix. 

RosurtTson, T., 311. 

Roch (Pembrokeshire), voleanic series 
of Trefgarn, Ambleston., and, 520— 
48 fig. & pl. xl (map); Roch 
Rhyolitie Series, 527-28, 539-43. 

Rock-steps in Upper Towy district, 
597-607 figs. 

Rudha Bholsa (Islay), sect. to Bagh 
an da Dhoruis, 82. 

Rutile in O. R.S. of Cardiff district, 
500, 502, 503, 509. 


428 & 


distans, sp. nov.. 


kerato- 


Saints’ Bay (Guernsey), strikes of 
eneiss-foliation, 375, 377 fig. 

Salthouse Bay (Somerset), 461. 

SANDFORD, K.S., award fr. Daniel- 
Pidgeon Fund to, xcix; on the 
River-Gravels of the Oxford Dis- 
trict, 113-70 figs., 178-79. 

Sandstone-hornfelses, 39-40. 

Scaleber district (Yorks.), Lr. Carb. 
suecession in, 228-33. 

Sealyham Group (Arenig), 528 ef seqq., 
529, 535-389, 

Sequoia couttsiv, 477. 

Sequoitites langsdorfi, xevi. 

Sericite-chlorite mixtures, minera] 
assemblages derived from, 61-62. 
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Settle district (Yorks.), Lr. Carb. 
succession in, 184-273 figs. & 
pls. x-xx1i. 

Severn Valley in neighbourhood of 
Tron-Bridge & Bridgnorth, develop- 
ment of, 274-314 figs. & pls. xxii 
Xxili (map & sects.). 

SEwARD, A. C., 178; addresses to 
Medallists & recipients of Awards, 
XXXvili et seqg.; obituaries of 
deceased Fellows, &c. xlvii et seqq. ; 
on the Later Records of Plant- 
Life, lxi—xeyii. 

Srpuy, T. F., 389. 

Suurian (Lr.) & Ordovician gastero- 
poda fr. Girvan, 408-46 & pls. 
XXXi-XXxXvlli; unconformity betw. 
O. R.S. & Silurian, in Cardiff dis- 
trict, 510-11; Silur. succession 
in Upper Towy district, 571-74 w. 
geol. map. 

Silvester’s Pit (Radley), gravels, &c. 
of, 143-44. 

Skerrols, see Loch Skerrols. 

SmirH, STANLEY, 389. 

Smith, W. CAMPBELL, 
elected Secretary, xxi. 

SmirH, WILLIAM, armchairs of, pre- 
sented, i. 

Souuas, W. J., iii, 164, 177-78, 518. 

Solution-pits in gravel at Kirtlington, 
126 fig. 

Sparnacian mammalia of Belgium, 
12-16. 

SparyH, L. F., award fr. Murchison 
Fund to, xliii—xliv. 

Spencer, L. J., 567. 

Spherium radleyense, sp. nov., 174— 
75 & pl. ix. 

Spherulitie pitchstone of the Rauth- 
askritha, 557-58 fig. & pl. xlu. 

SpruuerR, R. C., Mineralogical Notes 
{on the Oxford gravels, &c.], 176— 
dts 


Spinel - andalusite - cordierite - horn- 


D118; re- 


felses, 47-49; (non-calcic) spinel- - 


cordierite-hornfelses, 51-54. 

Spirecus girvanensis, subgen. et 
sp. nov., 429 & pl. xxxiv. 

Spirifer vernewili from Barricane 
Beach, c. 

Spitsbergen, Lr. Carb. & other floras 
of, Ixy, lxexy—Ixxyvi. 

Spittal Brook, see Cleddau Valley. 

Spotted slates, zone of, in Comrie 
area, 28-29. 

Sretrox, A. W., 478. 

Strenuella (2), 368. 

Sugar Loaf Hill (Yorks.), Lr. Carb. 
of, 245-46. 


Q J.G.S. No. 320. 


GENERAL 


INDEX, 619 
*Summertown-Radiey Terrace’ (Ox- 
ford district), 188 48 figs., 156. 
“Sunk channel’, see Flood-plain 

gravels. 

Sussmiucw, C. A., on the Geological 
History of South-Kastern Aus- 
tralia, with special reference to 
the Carboniferous & Permian 
Periods, ci—ciii. 

Swirl-holes, use of term suggested. 
179; swirl-holes at the bottom of 
the Wolvercote Channel basement- 
gravel, 134 fig. 


Tangasaurus mennelli, gen. et sp. 
nov., 1-11 figs. & pls. i-ii. 

TEILHARD DE CHARDIN, P. (& L. 
Dollo), les Gisements de Mammi- 
feres Paléoctnes de la Belgique, 
12-16. . 

Templepatrick-Coalisland Fault, map 
showg. relat. of Lough Neagh Beds 
to, 480. 

Terraces of Thames Basin, see Oxford 
district, 

Tetragraptus Beds of Cleddau Valley, 
&c., 523 et seqq., 529, 532-35. 

‘Thalwegs’ of Upper Thames, &c., 
see Oxford district. 

Thames R., grading of headwater 
tributaries of, 116-21 figs. 

Thick Coal of S. Stafts., 349. 

THomas, Herpert H., 107, 111, 
334, 566; (& A. H. Cox), the 
Voleanic Series of Trefgarn, Roch, 
& Ambleston (Pembrokeshire), 
520-47 fig. & pl. xl (map), 548. 

Tuomas, HuegH HamsHaw, award 
fr. Lyell Fund to, xly. 

Truuey, C. E., award fr. Wollaston 
Fund to, xli-xliii; on Contact- 
Metamorphism in the Comrie Area 
of the Perthshire Highlands, 22-70 
w. map & pl. iv (microscope-sects.), 


Titanium in Lough Neagh elay, 481- 
82. 

Tong Brook (Salop), 
Gravels, 308-10. 

Torellella levigata, 368. 

Torridonian Sandstone contrasted w. 
O B.S. of Cardiff area, 511-12. 

Torteval Gneiss (Guernsey), 382. 

Tortworth inlier (Glos.), igneous 
rocks of, 106-12 & pls. vii-vili 
(microscope-sects.) ; see also Ty- 
therington. 

Tourmaline in O.R.S. of Cardiff 
district, 500-501, 502, 503. 


25. 


late-Glacial 
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Towy {Upper) drainage-system, 568— 
609 figs. & pls. xlu—xlv. 
*Trap’-bands in 'Tortworth 
1U6 e€ seqq. 

Trawsnant, see Towy. 

Trefgarn (Pembrokeshire), volcanic 
series of Roch, Ambleston, and, 
520-48 fig. & pl. xl (map). 

Tristychius arcuatus, 338-42 fig. 

TRUEMAN, A. B., 515. 

Trust-Funds & Special Funds, state- 
ment of, XXXiv—XXxvl. 

TuTcHER, J. W., award fr. Lyell 
Fund to, xliv. 

Twelve-Fathom Limestone, see Main 
Limestone. 

Tytherington - Tortworth - Wickwar 
ridge (Glos.), Avonian of, 180-81. 


inlier, 


Unio fr. Lough Neagh Series, 478. 

Unio preshwichi, sp. nov., 173-74 & 
je ee 

Upper Scar 
Limestone. 


Limestone, see Main 


Valentian, see Silurian. 

VAUGHAN, A., 466-67. 

Viséan (Upper) corals of the genus 
Caninia, 389-407 figs. & pls. xxvii— 
xxx ; see also Carboniferous (Lr.). 

Viviparus fr. Lough Neagh Series, 
478. 

Voleanic series of Trefgarn, Roch, & 
Ambleston, 520-48 fig. & pl. xl 
(map); Tertiary vole. series of 
K. Iceland, olivine-dacite in, 549— 
67 figs. & pls. xli-xlii. 

Voluntary Publication Fund, vii; list 
of donors to, xvii. 


Waencoed Colliery (Mon.), cone-in- 
cone from, c. 

Watuis, FE. S., 389; the Avonian 
of the Tytherington-Tortworth- 
Wickwar Ridge (Gloucestershire), 
180-181. 

Wallis (Pembrokeshire), 539. 

WaLton, JOHN, lil. 

Walton-in-Gordano (Somerset), 448. 

Warley. see Quinton. 

‘Warp Sands’ of the Wolvercote 
Terrace, 137-38, 176. 

Washing Bay (Tyrone), borg at, 
470 et seqq. figs. 

Watson, D. M. S., 11. 

Warts, W. W., 312-13, 487. 

Webb’s Pit (Summertown, Oxon.), 
gravels, &c. of, 141 fig., 142. 
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Wetts, A. K., 517. 

West Hill (Somerset), sect. through 
Fore Hill and, 451. 

Weston Big Wood (Somerset), 449; 
geol. map of neighbourhood, 450 ; 
sect. to Black Nore Point, 451. 

Wharfedale (Upper), Muchelinia 
Zone in, 192-93. 

Whiddon Down (Devon), geol. of 
N. border of Dartmoor betw. 
Butterdon Down and, 315-37 w. 
map & pl, xxiv (microscope-sects.). 

WHITEHEAD, T. H., 314, 370-71. 

Wickwar, see Tytherington. 

Widecombe (Devon), sequence com- 
pared w. that of Whiddon Down, 
335. 

Witucockson, W. H., 389. 

Wituiams, H., 469. 

Wixnuramson, R. W., viii. 

Wits, L. J., the Development of 
the Severn Valley in the Neigh- 
bourhood of Iron-Bridge & Bridg- 
north, 274-311 figs. & pls. xxii- 
xxiii (map & sects.), 314. 

Wolfs Castle (or Sealyham) Shales, 
535. 

Wo.tasTon Medallists & recipients 
of W. Award, lists of, xxiv; W. 
Medal awarded to Sir Arthur Smith 
Woodward, xxxvili-xxxix; W. 
Award to C. E. Tilley, xlii—xliii. 

“Wolvercote Terrace’ (Oxon.), 128— 
38 figs., 154; at Wolvercote, 
129-31 ; ‘ Wolvercote Channel,’ 
132-33 et seqq., 154 et seqq. 

Woodhill (Somerset), O. R. S., &c. of, 
452-53 & sect. 

Woops, H., 389. 

Woopwarp, Sir ARTHUR SMITH, 
164, 389, 409, 487, 492; Wollaston 
Medal awarded to, XXXVIUI-XXXIX ; 
obituary of R. W. Hooley, lvii; 
on a Hybodont Shark (Tristychinus) 
from the Caleiferous Sandstone 
Series of Eskdale (Dumfries-shire), 

. 338-42 fig. 

Woopwanp, B. B.(& A.S. Kennard), 
on the Pleistocene Non-Marine 
Mollusca (from the Oxford gravels | 
170-75 & pl. ix. 

Woo.pripas, 8. W., 608. 

Worptin, J. M., 69. 

Worfe Valley (Shropshire), 277, 284 
et seqq., 308-10, 

Wrieut, J., obituary of, Ix-lxi. 

Wriacur, W. B., Age & Origin of 
the Lough Neagh Clays, 468-85 
figs., 487-88. 
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Yarnton (Oxon.), non-marine Pleistoe. Yestradtin, see Towy. 
mollusea from, 173; fossil verte- 
brata from, 166. 

Yoredaie Beds, see Carboniferous 


(Lr.). Zaphrentis sp.. aff. nodosa, 262 & 
Yorkshire, Millstone Grit of, con- pl. xviii. 
trasted w. O. R.S. of Cardiff area, —— spp., 262 -63 & pl. xvili. 
511-12. __— Zone, see Avonian, Carboniferous 
Youne, E. H., 334. (ir.), &c. 
Youngina contrasted w. Tangasairus, Zircon in O. R.S. of Cardiff district 
9-10. 499-500, 501, 508, 509. 


END OF VOh. LXXX. 


[December 3ist, 1924. 


PRINTED BY pAYLOR AND FRANCIS, RED LION COURT, FLEET STREET. 


